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MEDICAL 


Of  the 


BOOKS  of  Navigation  printed  for  Thomas  Page 

and  William  Mount 

T  HE  Coafting  Pilot  for  England,  Scotland,  Holland, 

The  E.  Pilot  for  the  Channel  E  Pilot  fertile  Streights 
The  Eng  Pilot  for  the  Northern  Navigation 
The  Eng  Pilot  for  the  W  Indies  Eng  Pilot  for  the  E  Indies 
Sea-Atlafs ,contain,Gharts  of  theSeaCoafl  ofthe  whole  World 
Great  -Britain's  (Calling  Pilot,  ^By  Capt.  Greenvile  Collins 
The  Manners  New  Calendar  By  Nathaniel  Colfon 
The  Mariners  Magazine  ByCapt  Samuel  Stur my ,  Folio 
Norwood's  Syftem  of  Navigation 
The  Seamans  Kalendar.  By  Henry  Philips  t 

The  Seamans  New  Kalendar  By  William  Leybouih 
The  Seaman’s  Pra&ice  By  Richard  Norwood 
Pra&ical  Navigation  *.  or,  an  Intmdu&ion  to  the  whole  Art 
The  whole  Art  of  Navigation  By  Capt.  Daniel  Newboufe 
Sherwin's  Tables  of  Logafitbms  with  a  large  New  Errata 
Ker  fefs  Algebra 

A  Syjfem  of  the  Mathematics ,  in  2  VoP  4 to,  By  J  Hcdgfon 
The  Compleat  Model  iff,  or  Art  of  Rigging  ;  fliewing  how  to 
raife  the  Model  of  any  Ship  ;  and  to  find  the  Length  and 
Bigneis  of  every  Rope,  with  the  Weight  of  their  Anchors 
and  Cables 

Navigation  New  Modelfd.  By  Henry  Wilfon 
TheBoatfwain’s  Art  *, Shewing  the  Art  of  Rigging  anyShipCSV 
The  Compleat  Shipwright.  By  Edmund  Bujhnel ,  Shipwright 
The  Ship- Builders  Affilfance.  By  William  Southerland 
Compleat  Shipwright  and  Manner 
Sea-Gunners  Companion  By  Capt.  Povey 
An  Epitome  of  the  whole  Art  of  Navigation,  containing  an 
eafy  methodical  way  to  become  a  compleat  Navigator.  By 
%  Atkin  fen  ■ 

Epitome  of  Navigation  the  Three  kinds  of  Sailing  ;  Afire - 
no  my  and  Geography  with  ufeful  Tables  in  Navigation.  By 
H,  GeUibrand. 

Norwood's  Epitome  of  Navigation,  with  Additions,  By  J.  A 
Manner’s  Compafs  Rectified  By  Andrew  Wakely ,  much 
enlarged*  By  James  Atkinfon 
CoggefbeWs  Sliding  Rule,  By  J.  Gocd 
teaman’s  Companion,  or  V ade  Meeum 
Bamfords  Pra&ical  Gauger.  '  _ 

The  Art  of  Shadows,  By  J.  Good 
An  Epitome  of  Navigation  By  William  Jones  \ 
Arithmetical  Trigonometry  By  Mark  Forjler.  ’ 

N.  B.  There  are  alfo  foldall  forts  of  Mathematical  and  Sen 
Books,  Pilots  and  Sea  Charts  for  all  Parts  of  the  World Plain 
and  Mercator;  or  Books  of  any  Subjeds\  Paper ,  or  Paper* 
Books,  the  bejl  Ink}  and  all  other  Stationary  Ware* 


EPITOME 

OF  THE 

Art  of  Navigation  ; 

o  k5  a 

Short  and  Eafy  Methodical  Way  to  be¬ 
come  a  Compleat  'Navigator* 

CONTAINING 

P radical  Geometry y  Plain  and  Spherical 
Superficial  and  Solid  ;  with  its  Uses  in  all 
Kinds  of  Menfuration. 

Trigonometry ,  Plain  and  Spherical,  bothGeometrical, 
Inftrumental,  Logarithmetical :  with  its  Uses  in 
NAVIGATION,  viz. 

%  '  . ,  ..  i 

In  (Plain ,  Mercators  and  Great-Circle  Sailing ,  Geo¬ 

graphy,  Agronomy*  the  Projection  of  the  Sphere,  &V. 

The  Defcription  and  Ufe  of  tnePLimChartyA&rrator’s  Chart, 
both  Globes,  Hemifpheres,  and  divers  other  Inftruments. 

A  New  Form  of  keeping  a  Sea-Reckoning,  or  Account  of  a 
Ship’s  Way. 

A  Traverfe -Table  ;  a  Table  of  Meridional  Parts  5  a  Table 
of  10,000  Logarithms,  and  Logarithmetical  Sines,  Tam 
gents  and  Secants,  carefully  Corre&ed. 


By  JAMES  AtK  IN  SON,  Senior . 

Teacher  of  the  MATHEMATICKS. 


LONDON: 

Printed  for  J hornas  Page ,  and  William  Mount,  on  Jewer-Htll- 
and  James  sltkinfon,  near  Chevry-Gavden-Stairs,  on  Roiherhith, 
Wall,  M,DCC,XXXII. 


James  Atkinfon ,  Mathematician, 

XT  Ear  Cherry -Garden-Stairs  on  Rotherhith  Wall ,  Teaches  with 
Expedition,  regularly,  by  the  Eafieii  and  Beft  Method, 

Arithmetic  y  Geometry  5  \ Trigonometry , 

Navigation 7  AJlronomy ,  Dialling , 

Surveying y  Gauging ,  Gunnery , 

Fortification ,  Merchants  Accounts*  Algebra y 

The  Ufe  of  the  Globes ,  Spheres,  Mapps?  and  all  'Mathematical  In¬ 
fix  uments ,  the  ProjeBion  of  the  Sphere ,  on  the  Plain  of  any  Circle* 

Young  Gentlemen  Boarded. 

There  smade  and  Sold  all  Sorts  of  "Mathematical  InRruments 
in  Silver,  Brafs,  Ivory,  or  Wood,  for  *SVd  or  Land  •  and  Books 
that  Jfhew  the  Ufe  of  them,  w*. 

Joywr  Sliding  Rules,  arc.  ufed  by  Carpenters,  Joyners, 
Painters,  Glafiers,  or  any  Artificer  wbatfoever* 

Gauging  [{ods,  either  Strait,  Folding  in  Joynts,  or  Biding  in 
any  Manner,  to  the  utmoft  Perfection. 

For  Navigation,  Quadrants,  Fore-Baffs,  Nocturnals,  SinicaF 
quadrants,  Ploughs,  Gunters  Scales,  firait  or  Biding,  both  Flat 
and  Square ;  Plain  Scales,  Dialling-Scales,  Surveying-Scales, 
Shipwrights  Scales,  e^c.  Gunters-Sc&ors,  Fofters-Sedfors,  Tri¬ 
angular  Quadrants* 

For  Surveying  Pera&ors,  Plain-Tables,  Theodelites,  Cir¬ 
cumferentors,  Gunters  Chains, Protra£for$,  Parallelograms,©9*-. 
Gunners.Rules,  Gunners^Scales,  Gunners  Hieghts  and  Callipers  of 

any  Size* 

Compajjes,  Plain, Ordinary, andBeft,  with  Three  Points,  Four- 
Points,  Drawing-Pens,  and  with  Prick- Wheels,  ©V. 

Globes,  Spheres ,  Hemifpheres,  Plats,  Mapps^  Charts,  of  All,  or 

any  Part  of  the  Sea-Coad  of  the  known  World,  Plain  or  Merca¬ 
tor . 

Sea- Atlaffts,  EngliJL  Pilots  -  as  Northern,  Southern, Straits,  Eaj} 
India ,  PPefi  India ,  an d  Guinea  Pilots  *  all  forts  of  Sea-Books,  and 
other  Mathematical  Books. 

Pens,  Ink,  Paper,  Paper  Books*  and  other  Stationary  Wares  • 
All  which  snay  be  had  at  the  Place  abovefaid,  at  very  reafon- 
able  Rates.  • 


To  all  Lovers  and  Learners 

'OF 

-  V 
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N  A  V  I  G  A  T  I  O  N. 
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77  E  General  Approbation  of  this  Book,  jlnce  its  firfi  Im- 
prejjlon  in  1686,  hath  obliged  me  not  only  to  publifh 
my  Grateful  Acknowledgment  thereof ;  but  alio  excited 
my  diligent  Search  into,  and  exadl  Survey  of  every 
Part  of  it’s  Structure,  to  find  out  the  Defects,  to  know  all  it’s  Defi¬ 
ciencies,  which  1  have  lo  far  laboured  in  :  That  in  this  Ninth  Im- 
predion, 

I  have  now  Rectified  what  was  A  mils  ;  Alter d  what  was  Difor- 
derly  ;  Explain  d  what  was  Dark  or  Obxcure  ;  Enlarged  where  it 
was  Skanty,  added  where  it  was  Wanting.  And 

Thele  Ratifications,  Alterations,  Emendations,  and  Additions,  being 
in  divers  Places,  I  thought  it  needlefs  to  Enumerate  them ;  for  they 
are  obvious  to  a  diligent  Reader ,  that  will  but  compare  the  Rules, 

Precepts,  and  Examples  of  this  writh  the  former  Imprejficns ,  jn  the 
plain  and  edfy  Method  they  are  placed  in,  which  is  thus ; 

I.  Tou  have  Practical  Geometry,  explained  by  Definitions,  Pro¬ 
blems  and  Proportions.  In  this  Chapter  is  taught  the  making  the 

moft  ufeful  Geometrical  Figures,  with  the  meafuring  all  Superficies 
and  Solids  ;  Alfo  the  Application  thereof  in  Practical  Meafuring* 
Eoard,  Glafs,  Plaiftering,  Painting,  Paving,  and  Land  :  Timber 
and  Stone;  Gauging  of  Casks,  and  a  Ship's  Hold:  All  being  Mu  (ha¬ 
ted  with  Rules,  Proportions,  and  r  xamples,  eafy  to  the  Underfianding, 
and  not  burthenfonse  to  the  Memory  ;  and  fo  fated  that  they  may  be 
performed  both  by  Arithmetick,  and  by  the  Line  of  Numbers  on  Gun** 
ter ’s’Scale,  in  zi  Problems. 

A  3  <fbe 


<e» 
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The  <P  R  E  FACE. 

The  fif$  Chapter  l  advife  the  Learner  to  (indy  well  before  he  pro 
eeedy  it  bein g  preparative  to  the  next ,  as  indeed  they  are  all  depending 
m  one  another f  as  Links  in  a  Chain . 

II.  Plain  Trigonometry  is  next ,  in  which  are  many  ufeful  Notes , 
and  Definitions ,  with  the  Axioms,  and  alfo  the  Cafes  depending  on 
each  Axiom  y  orderly  fiet  down  in  8  Problems,  containing  i  $  Cafes, 

And  here  hnujl  advertife  the  Young  Student  that  would  work  Tri¬ 
gonometry  &y  Logarithms,  to  conjult  Chapter  i.  The  Expla¬ 
nation  and  General  Ufe  of  the  Table  oi  Logarithms,  and 
Tables  ot  Sines,  Tangents,  and  Secants,  towards  the  latter 
End  of  the  Book  5  in  Page  294. 

III.  Then  follows  Plain  Trigonometry,  applied  in  Problems  of 
Sa t ling  by  the  P lain  Sea-Chart,  commonly  called  Plain  Sailing. 

And  that  nothing  bewantingy  I  begin  with  the  common  Notes  of  the 
Julian  Kalendar  5  Jhewing  how  to  find  the  Prime,  Epadh,  Domi¬ 
nical  Letter^  Eafter  Day,  the  Moon’s  Age,  Southing,  a nd  Time 
oj  Full-Sea,  or  High-water.  In  9  Problems. 

Then  proceeding  to  rtaDefcriptson  and  Ufe  of  the  Plain  Chart, 
*»  5  Problems,  before  1  come  to  the  Cafes  of  Plain  Sailing,  which 
I  divide  into  3  Parts • 

1.  In  a  Right-angle  Triangle  relating  to  a  fingle  Courfe  5  in  which 
are  6  Cafes,  commonly  called  the  6  Cafes  of  Plain  Sailing. 

a*  In  a  Right  angle  Triangle  relating  to  feveral  C oxrfes  called 
&  Traverfe. 

a.  In  an  Oblique  Triangle,  in  which  are  but  4  Cafes,  though 
there  may  be  a  Multitude  of  various  QuefHorss  $  of  which  you  have  a 
Talfe  in  Turning  to  Windward,  and  Sailing  in  Currents.  In 
21  Problems 

IV'  In  Chapter  4.  is  Mercator9*  Sailing :  To  the  right  under - 
fianding  of  which)  *tis  neceffary  to  defcrihe  Mr,  Wright’*  Proie^fion, 
commonly  kyiown  by  the  Name  of  Mercator V  Chart,  and  jhtw  the 
XJfes  of  it,  before  I  treat  oj  the  Problems  of  Sailing  by  it  5  which 
you  will  find  performed  m  12  Problems.  In  the  firfl  9  the  Table 
of  Meridional  Parts,  or  the  Meridional  Line  on  Gunter V  Scale  is 
ufedK  And  in  Cafe  that  Table  or  Line  be  wanthigy  to  fupply  their  roomy 
1  have  added  Problems  of  Sailing  by  the  Middle  Latitude,  which 
will  nearly  agree  with  Mercator’*  Sailing,,  a  thing  of  good  Uje,  In 
4  Problems] 


V,  Sphe- 


The  <P  REF  A  C  E.  * 

V.  Spherical  Trigonometry,  or  the  Doftrine  ef  Spherical 
Triangles  Rectangular  and  Oblique,  is  next  in  Order  $  and  its 
being  fo  necejjary ,  you  jhould  underftand  hoiv  to  make' a  Spherical 
Triangle,  and  aljo  hoiv  to  measure  any  of  its  Parts ,  before  the 
framing  and  "working  Proportions  therein ,  l  have  fully  explain  d 
that  Matter  in  the  beginning  of  this  Chapter,  being  in  a  Manner  a 
New  Invention ,  I  call  Spherical  Geometry  :  This  you  have  in  zi 
Problems. 

And  in  Spherical  Trigonometry  it  felf  ( the  next  in  Order ) 
you  have  all  the  Axioms  and  Cafes,  both  in  RePlangular  and  Ob- 
liquangular  Triangles,  explained  with  necefjhry  Notes  on  eachjOaje  : 
As  to  know  when  a  required  Angle  is  /'cute  or  Obtufe  5  and  uhtn 
a  required  Side  is  more  or  lefs  than  a  Quadrant#  In  12  Problems, 
containing  28  Cafes. 

VI.  The  Defcription  and  Ufe  of  both  Globes,  is  the  next  to 
be  confidePd  •  in  which  I  have  plainly  and  familiary  explained  and 
Jhewed  the  ufe  oj  the  niofi  necejjary  things  belonging  or  relating  to  each 
of  them  :  In  24  ufeful  Problems 

To  which  is  annexed  a  fhort  Defcription  and  Ufe  of  theHemi- 
fpheres,  projtBedon  the  Plain  of  the  Ecliptick. 

VII.  Geography  is  theSubjeB  of  this  Chapter ,  which  is  the  Appli¬ 
cation  of  Spherical  Trigonometry  in  finding  the  True  Diftance 
of  Places  in  the  Variety  of  their  Situation  on  the  Globe  of  the 
Earth#  In  4  Problems. 

VIII.  Great  Circle  Sailing  comes  next ,  which  as  iPs  the  tx- 
all  ft  Way  oj  Sailings  fo  it's  the  mold  difficulty  and  hardly  pojfi  >le 
for  a  Ship  exaBly  to  fail  by;  yet  its  of  great  Advantage  to  peep 
conveniently  near  it  :  for  which  Purpofe  you  1 1  find  all  that  neceffarily 
belongs  or  relates  to  it ,  both  as  to  the  ProjeClive  Part,  and  that  both 
Stereographical  and  Ghomonical  5  as  aljo  in  ihe  Calculative 
Part,  which  is  the  Application  of  both  Spherical  asm  Plain  Trigo- 
metry,  fully  made  out ;  With  an  Intimation  ofjhortning  the  Work, 
by  [hewing  howto  defer  ibe  the  Arch  a  Great  Circle  in  a  Mercator  V 
Chart.  In  4  Problems 

IX.  Next  you  have  Spherical  Trigonometry,  applied  in  fun  dry 
Agronomical  Problems  ufeful  in  Navigations  wherein  the  Girths 
oj  the  Sphere  are  deferred,  and  the  necejjary  Terms  of  Art  explained 
to  the  means  ft  Capacity ,  with  RfpeB  to  the  diurnal  Motion;  and 

that  either. 

I.  According  to  the  Ptolomaick  Syflem ,  wherein  yon 
have  in  a  Right-angle  Spherical  Triangle,  all  the  Variety  of 
Queftions  and  Examples  that  relate  to  tb$  Sun9  with  RfpsB 


I 


via  The  CP  R  E  F  J  C  E. 

to  his  Longitude,  Decimation  »  Right  or  Oblique  Afcenflon,  or  De* 
fienfion  =  Rjfing,  Setting,  Amplitude  *  Altitude  and  Azimuth,  or 
the  Hour  of  Six  •  Altitude ,  Hour  of  the  Day,  when  Eaft  or  Weft  $ 
Hour,  Azimuth ,  and  Altitude ,  when  he  is  in  the  Equinoctial*  In 
24  Problems.  Aifo, 

In  an  Oblique  Spherical  Triangle,  you  have  great  Variety  hath 
with  RefpeB  to  the  Sun  or  a  Star,  in  many  Queftmns  and  Examples 
relating  to  the  Sun  s  Altitude,  Azimuth ,  and  Hour  of  the  Day  >  in 
any  Place,  at  any  time  of  the  Year  1  And  relating  to  a  Star  5  at  to 
its  Longitude,  Latitude ,  Declination,  Right  A  fienfion  ;  Rifing,  Set¬ 
ting,  Amplitude ,  Altitude,  Azimuth,  Hour  of  toe  Night,  its  Alti¬ 
tude  on  the  Meridian,  and  Time  of  its  coming  to  it :  In  12  Pro¬ 
blems*  Or, 

2.  According  to  the  Pythagorean,  or  Copermcan,  Syfiem  5 
which  is  now  generally  received,  as  mofi  agreeable  to  the  obferved  ex¬ 
perienced  Motion  of  the  Heavenly  Bodies  *  wherein  Spherical  Trigo¬ 
nometry  is  applied  in  variety  of  Quefiions  and  Examples  relating  to 
the  Earth’s  Diurnal  Motion  about  its  own  Axis,  once  in  24 
Hours,  whereby  all  the  vifble  Appearance  of  the  Sun  and  Fixed  Stars 
are  folved ,  with  the  Defcription  of  the  Circles  of  the  Sphere,  and 
how  they  are  'drawn  Stereographically  on  the  Plain  of  the  Earths 
Ecliptic*  In  9  Problems, 

X*  Then  follow  very  eajy  Rules  to  find  the  Variation  of  the  Com- 
pafs,  and  how  to  reBify  the  Compafs,  and  to  Correct  the  Courfe 
thereby ,  both  Arithmetically  and  Infirumentally  ,  with  great 
Rsactmefs, 

Alfo  here  you  have  the  way  of  Pro  jecting  the  Sphere  Orthogra¬ 
phical.  In  two  Problems,  with  many  Examples . 

XL  An  Objervation,  either  of  Sun  or  Star  $  what  it  is,  how  or 
with  what ,  and  when  *tis  taken ;  with  Rules  to  find  the  Latitude  of 
the  Place  of  Obfirvation ,  and  all  the  Varieties  therein  reduced  unto  one 
Proportion,  containing  two  General  Cafes,  fully  explained  by  many 
Examples, 

XII.  You  have  next  the  Uje  of  all  the  foregoing  Infir  uBiont,  fum - 
manly  comprehended  in  a  new  Form  of  keeping  a  Sea-Reckoning  or 
Journal,  wherein  the  Log-Book  and  Journal  in  Words  at  Length 
and  Tabular  in  Figures,  are  krft  together  in  one  Book  $  whereby  the 
whole  Proceed ,  and  every  particular  TranfaBion  of  any  Voyage  at  all 
times  may  be  feen  and  known,  which  will  be  no  j mall  SatisfaBion  to 
thofe  concerned  in  Ship  and  Goodft,  nor  a  little  Augmentation  to 
the  Mariner*  Credit  and  Reputation, 

And 
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And  that  Jo  ttjeful  and  beneficial  a  Method  might  be  praBifed  by 
all  who  dejire  to  keep  a  Compleat  and  ExaB  Reckoning ,  and  fo  be  en¬ 
abled  to  render  a  good  Account  thereof :  1  have  largely  defcribed  the 
Form  and  Manner  of  it,  with  plain  Rules  and  Directions  kow  to 
correct  the  Reckoning  by  the  obferved  Latitude,  and  how  to 
find  what  Latitude  and  Longitude  the  Ship  is  in  every  D&y  ;  with 
an  Example  of  a  Seven  Days  journal  *  And  how  each  Day $  Sailing 
is  managed ,  in  taking  it  from  the  Log-Board,  calling  it  up,  bringing 
it  into  one  Courfe  and  Diftance  5  with  framing  the  Dead-Reckon¬ 
ing,  and  [citing  it  in  the  journal*  So  that  by  this  the  Whole  is  made 
more  ineligible.  , 

La#ly,  In  the  Tabular  Part,  youhave  firfi,  Traverfe  Table  5 
which  tko *  it jhands  m  Jo  little  Room  as  tivo  Pages ,  yet  by  it  the  Diffe¬ 
rence  of  Latitude  apd  Departure  from  the  Meridian,  may  be 
found  for  any  Diffance  under  10,000  ?  and  for  every  Quarter 
Point  of  the  Com  pals. 

Next  to  that,  A  Table  of  Meridional  Parts  to  every  5  Minutes 
of  Latitude y  which  together  with  the  Table  of  Proportional  Parts 
annexed,  the  Meridional  Parts  for  each  Jingle  Minute  are  found. 

And  next  adjoining  ts  a  Table  of  10,000  Logarithms. 

After  which  you  have  a  Triangular  Canon  Logarithmical,  or 
a  Table  of  Artificial  Sines,  Tangents,  and  Secants,  to  every  * 
Decree  and  Minute  of  the  Quadrant ,  which  are  correBed  with  more 
than  ordinary  Care,  there  being  none  when  this  Book  was  firth 
published  in  i68< f,  extant  (in  this  Volumn)  that  had  Secant®  bejides 
this.  The  Dejcription  and  general  Ufes  of  thefe  Tables  are  comprehend¬ 
ed  in  4  Chapters ,  containing  13  Proportions  and  Jtt  ju/i  before  the 
Tables.  At  Page  2^4. 

The  Schemes  or  Figures ,  are  contained  in  lo  Copper-Plates,  in- 
ferted  in  their  proper  Places ,  being  orderly  Numbred  with  proper  Re¬ 
ferences  for  the  more  eafy  turning  to  any  upon  Occafion. 

Thus  have  you  the  Sum  of  what's  here  treated,  what  my  Labour 
and  Pains  have  been  herein ,  I  leave  you  to  judge  who  are  mofl  like 
to  reap  the  Fruit  and  Profit  ( [my  Share  being  a  very  [mail  Part)  there¬ 
of*  though  l  dare  aver,  its  the  Compleateft  and  Portable#  Pile  of 
Inftruclions/or  a  Young  Learner  of  Navigation  now  extant :  It's 
the  very  Method  I  have  ujed  for  vow  5  c  Years,  finding  it  ever  fuc« 
cejsful  even  to  the  mojl  indifferent  Capacity  among  the  many  Hundreds 
I  have  Taught.  Therefore ,  if  my  Reader  would  be  a  Proficient 
herein,  let  him  begin  ch earful ly,  and  proceed  gradually)  and  the  End 
will  crown  his  Endeavours  with  anjwerable  Succefs* 

Let 


ic 


The  &  R  FA  C  E. 

Let  not  Sloth  perfwade  to  give  out  at  the  meeting  of  any  Difficulty , 
hut  rather  remember  that  Love,  Labour  and  Con&ancy  will 
overcome  the  greateft  Difficulty,  jlnd, 

That  my  Learner  may  jo  read  as  to  underftana,  and  fo  under - 
jland  as  to  be  £  Proficient,  is  the  Vejtre  and  [where  1  am  prefent  is 
the  Endeavour )  of  him ,  who  ivi/beth  the  Young  Studient’i  Welfare* 
and  the  Progrefs  ojf  Arts. 

» 

Near  Cherry  -  Garden  * 

Stairs  on  Rotherhith  Wall,  in  J  ames  Atkinson, 
the  yid  Year  of  my  4get  1717* 
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Epitome  of  the  Art  of  Navigation. 

CHAP.'  i. 

Pra&ical  Geometry  explain'd  by  Definitions%  Problems 

and  Proportions . 


GEometry  is  a  Mathematic  Science,  explaining  the 
Kinds  and  Properties  of  continued  Quantity  or 
Magnitude  :  that  is  5  a  Line,  a  Superficies ,  and 
a  Solid,  whofe  Original  is  from  a  Punfb 

-  A 

Section,  I.  Of  Lineal  Geometry,  or  the  firfl  kind  of  Magnitude* 

Definitions  1.  A  PunB  or  Point ,  is  that  which  cannot  he  divided 

into  Parts,  and  is  the  end  of  a  Mathematical 
Line;  As  the  Pun&  A,  Plate  t.  Fig.  1. 

2.  A  Mathematical  Line  hath  no  Breadth,  or  Thickncfa,  only 
Length  3  it  is  made  by  the  moving  of  a  Pun£t,  and  (coniidered 
in  it  ftl f)  is  either  Regular  or  Irregular. 

3.  Regular  is  either  a  Right  Line  or  an  Arch. 

4.  A  Right  Line  is  the  fhorteft  diftance  between  two  Pun&s  3 
as  the  Line  BO*  Plate  1.  Fig.^f 

An  Arch  is  not  the  fhorteft  diftance  between  two  Puncfs, 
but  bendeth  evenly  :  As  the  Arch  DE. 

6.  Irregular  is  any  crooked  Line  that  bendeth  unevenly  :  as 
FG.  Plate  2.  Fig.  1. 

7.  Lines  compared,  are  either  parallel,  or  inclining  3  from 
whence  proceed  many  Problems. 


Problem  I.  To  draw  a  Line  parallel  to  a  given  Line 

Definition.  T>  Arallel  Lines,  are  of  equal  Diftance,  and  if  infi- 
•*'  nitely  produced,  (being  in  the  fame  Superficies) 
will  never  meet :  as  .the  Lines  AB  and  CD.  Plate  1.  Fig .  z. 
Example,  AB  the  Line  )  .  _ 

C  is  a  Punfi  f 

Through  which  Pun£f  C,  and  parallel  to  the  Line  A  B,  a 

Line  is  required  to  be  drawn. 

'  i.  Take 
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*•  1  (with  a  pair  of  Compares)  the  nearer!  Diftance  be¬ 
tween  the  given  Fund  C,  and  the  Line  A  8. 

2.  With  that  Diftance  (in  the  Companies)  and  one  Foot  of 
the  CompafTes  (any  where  in  the  Line  AB,j  draw  /that  way 
the  Pond  G  lieth)  an  Arch  D. 

3*  From  the  Fund  C,  draw  a  Line  to  touch  the  Arch  D?  and 
it  s  done,  for  the  Line  CD,  is  parallel  to  the  Line  AB,  as  was 
required. 

Problem  II.  To  bifeB  or  divide  a  given  Line  into  tivo  equal  Parts  t 

Example.  AB  is:  a  given  Line.  Plate  i.  Fig.  3. 

To  find  the  middle  thereof  is  required. 

1*  W*  Itk  any  Diftance,  (greater  than  half  the  given  Line 
AB )  and  one  Foot  of  the  CompafTes  on  A,  defcnbe 
the  Arch  CD 

2.  With  the  fame  Difiance,  and  one  Foot  on  B,  crofs  the 
former  Arch  in  C  and  D. 

3.  By  G  and  D  draw  a  Line  which  will  cut  AB  in  E,  the 
middle  ;  and  if  AH  is  equal  to  ER,  it’s  done  true  3  which  point 
E  is  the  middle  of  the  Line  AB,  as  was  required. 

Pro!>»  HI;  To  ereB  a  Perpendicular  from  a  PunB  in  a  given  Line • 

Definitions  s.  TFNclining  Lines ,  are  not  of  equal  Difiance,  anti 

if  produced,  will  meet  :  as  the  Lines  AB,and 
CD.  Plate  l.  Fig.  4.  * 

2.  The  meetingof  Inclining  Lines,  (called  an  Angle)  is  ei¬ 
ther  Direct  or  Oblique.  ' 

3,  Dir eB -meeting  of  Lines,  is  when  the  Angles  on  each  Side 
fere  equal  ;  as  EGF,  and  CH  ;  and  this  kind  of  meeting  is 
called  Perpendicular.  Plate  1 .  Fig.  4. 

Example .  AB  is  a  Line  given. 

The  Pun&A  one  end  of  it,  from  whence  to  ere&a  PerpendL* 
cular  is  required.  As  Plate  1.  Fig.  5. 

1.  With  any  Diftance,  and  one  Foot  in  A,  draw  an  Arch  to 
cut  the  Line  AB  in  D* 

2.  With  the  fame  Di&ance,  and  one  Foot  in  D,  draw  an 
Arch  to  cut  the  former  Arch  in  C. 

3.  With  the  fame  Diftance,  and  one  Foot  in  C,  defcnbe  an 
Arch  DE,  to  cut  the  Line  AB  in  D* 

4.  By  C  and  D  draw  a  Line,  to  cut  the  Arch  DE  in  E, 

5.  Then  by  A  and  Edraw  a  Line,  and  it’s  done  :  Fot  the 
Line  AE  is  perpendicular  unto  AB,  as  was  required. 

Frotv  IV*  • 


S eft.  I*  CP ?d Steal  Geometry . 

Problem  IV.  To  let  fall  a  Perpendicular ^  from  a  given  PunU  to  a 

given  Line. 

Example,  AB  is  a  Line  given  ;  C  is  a  given  Panel  :  From 

whence  to  let  fall  the  Perpendicular  to  the  Line  AB  is  required, 
Plate  I.  Fig.  6.  v  •  ■  * 

1.  Draw  a  Line  (at  pleafure)  from  G  to  AB,as  is  the  Line  CD0 

2.  By  Prob  2.  bifefl  the  Line  CD  in  E> 

5,  With  the  Diftance  EC,  equal  to  ED,  and  one  Foot  in  E  » 
crofs  the  Line  AB  in  A. 

4.  By  A  and  C  draw  a  Line,  and  it’s  done:  For  AC  is  a  Per¬ 
pendicular  let  fall  from  the  Fund  C,  to  the  Line  AB  as  was  re¬ 
quired.  Prob.  V.  To  mape  a  Plain  jingle. 

Definitions  y.  The  meeting  of  inclining  Lines  is  caBed  an 
Angle,  and  the  Lines  fo  meeting  are  called  Sides  of  the  An<*Jp 
as  ABand  AC.  Plate  1  Fig.  7,  g  9 

2.  An  Angle  is  either  a  Right  Angle,  or  an  Oblique  Anole. 

3.  A  Right  Angle  is  where  two  Lines  are  perpendicular  to 
each  otner  :  as  ED  and  DF,  Plate  1 .  Fig.  7, 

'Note,  A  fyght  Angle,  is  juft  90  Degrees, 

4.  An  Oblique  Angle,  is  either  Acute  lefs  than  90  *  as  BAG 
or  Obtufe  more  than  90  degrees  $  GHl  in  Fig  1.  Plate  7. 

Npte-  An  Angle  U  written  with  *  Letters,  the  middle  Letter 
figruneth  the  angular  Puna  :  as  BAG  fignifieth  the  Angle  A. 

_  An  An$)e  *s  meafured  by  an  Arch,  whofe  Center  is  the  angu¬ 
lar  Lunff,  and  is  drawn  from  one  Side  to  the  other  of  the  An¬ 
gle,  as  the  meafure  of  the  Angle  KLM  is  the  Arch  NO 
Plate  1 .  Fig.  7.  ~  9 

What  a  Degree  is  you  may  fee  in  Prob.  9.  Definition  1. 
Example  1.  At  A  in  the  Line  AB,  to  make  a  Ri^htAnpIe 

Plate  1.  Fig.  7.  '  ,■  a 

The  Rule.  Upon  A  (by  Prob:  3 A  ere&  the  Perpendicular  AC 
and  it  s  done  :  for  the  Angle  BAG  is  a  Rfght-aogle* 

Example  2.  At  A  in  the  Line  AB,  to  make  an° Acute  Angle 
equal  to  4 i  degrees.  Plate  1.  Fig.  8. 

,  (always)  a  Chord  of  tfobegrees  from  your  Scale,  and 

withjone  Foot  on  A  draw  an  Arch  DE,  to  cut  the  lineAB  in  IX 
#  Make  the  Arch  DE  equal  to  the  Chord  of  41  cleg,  that 
is,  take  41  deg.  from  the  fame  Scale  of  ChordvS,  and  lay  it  on 

the  Arch  from  D  to  £.  '  * 

3*  By  A  and  Ed  raw  the  Line  AEG,  and  it’s  done  :  for  the 
Angle  BAG  is  an  Acute  Angle,  containing  41  degrees. 

Example  3.  At  B  in  the  Line  RG*  to  make  an  Obtufe  Angle 
equal  to  102  degrees.  Plate  r.  Fig.  8. 

r.  As  before  (with  one  Foot  on°B)  draw  the  ArtbJLFmih  a 
Chord  of  60  deg.  to  cut  BC  in  E.  2 .  On 
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2.  On  that  Arch  make  EG  equal  to  GF>  and  each  equal  to 
5  id.  the  half  of  toad,  that  is,  take  5  id.  from  the  fame  Scale  of 
Chords,  and  lay  it  on  the  Arch  from  E  to  G,  and  from  G  to  E. 

3.  By  B  and  F  draw  the  Line  BFD,  and  it’s  done  $  for  the 
Angle  CBD  is  an  Obtufe  Angle,  containing  102  Degrees. 

Se<fL  II,  Of  Superficial  Geometry ,  or  the  Second  kind  of  Magnitude, 
Definitions .  t .  A  Superficies  hath  no  Thicknels,  only  Length 
and  Breadth,  it’s  made  by  the  Moving  of  a  Line  >  and  is  ei¬ 
ther  plain,  convex,  or  concave. 

g.  A  plain  Superficies,  is  a  Figure  flat,  fmooth,  and  even, 
made  by  theMotion  of  a  Righ-tline  jit’s  either  fimple  or  variout . 

5-  A  -{  fltL  }  fi?Bre  or  s,,M1c,tS  bounded  by  }£"^s'ne 

4.  A  F/W*  bounded  by  one  Line,  is  either  a  Circle  or  an 

Ellipfis,  ...  .  ^ 

5.  A  Figure  bounded  by  Lines,  is  either  a  Triangle,  a  Qua- 
drangle  or  a  Multangle. 

6.  In  every  Superficies  there  are  three  things  to  be  noted. 

1.  The  Term,  which  is  that  Line,  or  Lines  bounding  it  5 
asBCDEB*  Plate  1  Fig.  9. 

2.  The  Center ,  which  is  a  FuncI  in  the  middle  of  it ;  as  A. 

3.  The  <4rea ,  which  is  all  the  Space  contained  within  the 

Term,  as  ABCDEBA*  t  Fig-  8. 

7.  The  kinds  of  Plain  Figures  are  feven,  a  Circle,  a  Triangle ,  a 
Quadrangle,  and  a  Multangle,  the  moll  ea(y  to  make :  the  more 
difficult  are  the  Ellipfis,  Parabola,  and  Hyperbola  :  each  affords 
divers  Problems,  of  which  we  begin  with  the  Circle. 

Prob.  VI.  To  deferibe  a  Circle,  having  its  Diameter  given.  _ 
Definitions  t.  A  Circle  is  a  plain  Figure  bounded  oy  one  Line, 
called  the  Periphery:  As  ABCDEBA-  Plot*  l •  Erg.  9 

a.  The  Periphery  of  a  Circle,  is  a  Line  compaffing  it  5  lo 
that  it’s  equally  diftant  from  the  Center:  as  BCDElL 

a  The Center  of  a  Circle  is  a  Punft  in  the  middle  of  it,  from 
whence  all  Right  Lines  drawn  to  the  Periphery  are  equal,  and 

C1  4.  The  Diameter  of  a  Circle,  is  any  Right-line  drawn  tj*!0US^ 
th  e  Center  to  the  Periphery  5  it  bitefeth  the  Circle,  andis  the 
loneeft  Right-line  can  be  drawn  in  it ;  as  BAD  is  a  Diameter 
Example?  BD  equal  to  60  Inches  is  given  ;  to  make  a  Circle 
on  or  about  it,  is  required.  Elate  1.  F2?.  *°- 

1  Bifea  bv  (by  Prob,  z-)  the  Line  BD  tn  a. 
t.  With  theViftance  AB  equal  to  AD,  and  on*  Foot  on  A, 
deferibe  the  Periphery  BCDEB,  and  it «  done.  Vnb, 
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Prob.  VII  To  drawthe  Periphery  *{a  Circle  through  any  three Pun£l$ 

not  in  a  Right  Line. 

Example.  B,C,  and  D,  are  three  Panels  given,  through  thorn 
to  draw  the  Periphery  of  a  Circle  is  required.  Plate  i.  Pig.  u. 

i.  With  any  Diftance  (greater  than  half  CB,  or  CD)  and 
one  Foot  in  C  draw  an  Arch  FGHI. 

x.  With  the  fame  .Distance,  and  one  Foot  in  B>  crofs  that 
Arch  in  F  and  G. 

3.  Likewife  (with  the  fame  DiHance  and)  one  Foot  in  D# 
cut  the  former  Arch  in  H  and  I. 

4.  By  F  and  G,  and  H  and  1,  draw  Lines  to  cut  each  other 
in  A  the  Center. 

5.  With  the  Diftance  AB,  equal  to  A  l,  equal  to  AD,  and 
one  Foot  on  A,  draw  the  Periphery  BCDB,  and  it’s  done. 
Prob*  VIII.  To  quarter  a  Circle .  or  in  a  Circle  to  draw  two  Via-* 

meters  at  Right  Angles. 

Example .  BCDEB  the  Periphery,  and  A  the  Center  of  the 
given  Circle.  In  which  to  draw  two  Diameters  at  Right  An¬ 
gles  is  required.  Plate  i*  Fig.  12. 

1.  Through  the  Center  A>  draw  the  Diameter  BAD. 

2.  Bifeft  ( by  Prob.  2J  BAD,  by  drawing  the  Line  CAE* 
and  it’s  done.  And  if  BC,  CD,  DE,  and  EB  are  equal  to  each 
other,  it’s  done  true  5  otberwife  not. 

Prob.  IX.  To  find  the  Chord%  Sine,  Tangent ,  and  Secant  oj  an 

Arch  of  a  Circle . 

Definitions  1.  If  the  Periphery  of  a  Circle  be  divided  into  -$6o 
equal  Parts,  they  are  Degrees  •  a  Degree  divided  into  60  equal 
Parts,  are  Minutes  3  a  Minute  into  60  equal  Parts,  are  Seconds, 
&c.  Plate  I  Fig.  13. 

2.  The  Arch  of  a  Circle  is  any  part  of  the  Periphery  3  as 
EB,  or  EBF  3  and  is  counted  in  Degrees,  which  are  greater 
or  lefler  in  Proportion  to  the  Radius  of  the  Circle* 

3.  Radius  of  a  Circle  is  half  its  Diameter,  or  any  Right-line 
drawn  from  the  Center  to  the  Periphery  .  As  AB. 

4.  A  Chord-line  is  drawn  from  one  end  of  an  Arch  to  the  o- 
her  3  as  EDF,  or  EB,  are  Choi  d -lines. 

5.  A  Sine-line  is  half  a  Chord  line  of  double  the  Arch  :  as  ED 
(being  half  the  Chord  EDF;  is  Sine  ot  the  Arch  BE3  and  DF 
the  Sine  of  BF. 

6.  A  Ter  fed  Sint- Line  is  between  the  Sine- line  and  the  Peri¬ 
phery,  as  DB  is  Verfed  Sine  of  the  Arch  BE 

y.  Tan* 
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7.  Tangent  toucheth  the  Periphery,  and  is  perpendicular  to 
a  Diameter  in  the  touch  PunfL*  as  BG  is  a  Tangent  Line  of  the 
Arch  BE. 

8.  Secant  cutteth  the  Periphery,  being  drawn  from  the  Cen¬ 
ter  till  it  meet  the  Tangent :  as  AC  is  Secant  of  the  Arch  BE. 

Example.  The  Chord,  Sine,  Tangent,  and  Secant  of  45  deg. 
is  required.  Plate  1.  Fig.  13. 

1.  With  any  Didance  (and  one  Foot  on  AJ  defcribe  the  Pe¬ 
riphery  HI  B  G, 

z.  Quarter  the  Periphery  (by  Frob.  8  )  by  dra  wing  the  two 
Diameters  HAB  and  IAG  •  then  is  BG  equal  to  GH>  equal  to 
H  /,  equal  to  IS,  equal  to  90  degrees. 

3.  Divide  (by  Prob*  2.)  B  I  into  two  equal  parts  in  E,  and 
then  BE  equal  to  £  J  is  equal  to  45  degrees. 

4.  Make  B  F  equal  to  B  Ey  and  draw  the  Lines  B  F,  and 
EI)Fy  to  cut  the  Diameter  HAB  in  D . 

5.  At  B  (by  Prob.  3  )  ere&  B  C  perpendicular  to  the  Dia¬ 
meter  HdBj  or  draw  (by  Problem  1.)  BC  parallel  to  the  Dia¬ 
meter  IA  G . 

6.  By  A  and  E  draw  a  Line  to  cut  B  C  in  C,  and  it  s  done. 

Then  the  Line  BE  is  the  Chord  of  45  deg.  the  Line  EDF 

the  Chord  ot  90  deg.  the  Line  E  D  equal  to  Z>F,  the  Sine  ot 
45  deg.  DB  the  Verfed  Sine,  BC  the  Tangent, Line,  and  AG 
the  Secant  Line  of  the  fame  Arch  B  £,  equal  to  45  deg 

This  Problem  is  the  Ground* work  of  the  Line  of  Rumbs, 
Chords,  Sines,  Tangents.  Secants,  crc.  Set  on  Rulers  called 
Scales ;  As  alfo  of  the  Degrees  on  the  Quadrant  or  Crofs-Staff, 
and  other  Mathematical  Inftruments. 

But  its  chiefeft  Ule  is  in  a  Right  Angled  Triangle,  as  fliali 
be  fhewed  in  Trigonometry,  when  I  come  to  explain  the  firft 
Axiom  in  making  any  fide  Radius ,  to  which  you  arc  referred. 

Gf  Triangles  the  2d  Kind  of  Plain  Figures. 

Definition  1.  A  Triangle  is  any  three  corner  Figure,  having  three 
Sides  and  three  Angles ,  as  ABC  5  and  in  Rdpedt  of  its  Angles^  is 
cither  Rectangular  or  Obliquangular.  Plate  1.  Fig.  14. 

2.  A  Right- Angle  Triangle  hath  one  Right- Angle  *  in  its  making 
hath  a  Perpendicular  eredted,  or  let  fall :  as  ABC . 

3.  Thofe  Sides  containing  the  Right-Angle,  are  called  Legs : 
as  Leg  ABy  and  Leg  BC.  Plate  1.  Fig,  14. 

4.  The  Side  oppofite  to  the  Right  Angle  is  called  the  Hy- 

pothenufe:  as  4  C  Pl«te  *«  v> 


Sea.  II. 


(3) ra&ical  Geometry. 


Prob.  X.  To  make  a  Right  Angle  Triangle ,  the  Hypotenufe ,  and 

one  Angle  given . 

Note  i.  The  three  Angles  of  every  Plain  Triangle  ("together) 
are  equal  to  180  Degrees. 

i.  To  make  a  Right  Angle  Triangle,  two  Things  (befides 
the  Right  Angle)  and  one  a  Side,  muff  be  given. 

n‘i$srfic2i  x 

With  them  to  make  a  Right  Angie  Triangle  is  required 
Plate  I,  Fig.  ij. 

1.  Make  the  Angle  B  AC  equal  to  34d.  50m*  (by  Prob. 5. 
Examp.  2. )  that  is  take  a  Chord  of  tfod.  and  wifh  one  Foot  on 
A,  draw  an  Arch,  and  on  that  Arch  lay  the  Chord  of  ^d. 
30m.  drawing  AB  and  AC,  which  includes  the  Angle  B  AC 
equal  to  34d.  30m. 

2.  Make  AC  equal  to  13  7  Feet  5  that  is,  from  any  Scale  of 
equal  Parts  take  137,  and  iay  it  from  A  to  C. 

3.  From  C  (by  Prob  4)  let  Fall  the  Perpendicular^jBC  to 
cut  the  Line  AB  in  Bf  and  it’s  done. 


Prob.  XI.  To  make  a  Right  Angle  Triangle ;  the  Hypotentije  and 

one  Leg  given . 

Example.  The  7^%°^  AC  4”  l, Perches  given. 

With  them  to  make  a  Right  Angle  Triangle,  is  required. 
Plate  i  Fig  1 6.  n 

1.  Make  AB  equal  to  342  Perches  5  that  is,  from  any  Scale 
of  equal  Parts  take  342,  and  lay  it  from  A  to  B. 

2.  At  B  (by  Prob .  3.)  eredf  a  Perpendicular  EC. 

3.  With  41 1  Perches:  (That  is  5  take  411  from  the  fame 
Scale  of  equal  Parts,  the  342  was  taken)  and  with  one  Foot 
cut  the  Perpendicular  in  C. 

4  From  A  to  C  draw  a  Line  and  it’s  done. 


Prob.  XII.  To  make  *  Right  Angle  Triangle ,  one  Leg  and  one  An¬ 
gle  given , 

E,.„U.  The  { 

With  them  to  make  a  Right  Angle  Triangle  is  required  bv 
Plate  1.  Fig,  iy.  {  ^  J 

1 •  AB  ecluaI  to  4*  5  Miles,  that  is,  from  any  Scale  of 

Equal 
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Eq*al  Parts,  take  41 5,  and  lay  it  from  A  to  B.  And  at  B  (by 
Prob.  3.)  ere£l  a  Perpendicular  BG. 

2.  At  A  (by  Prob.  5.  Example  2.)  make  the  Angle  BAG  e- 
qual  to  4od.  25m.  (which  is  thus  $  take  a  Chord  of  6od,  and 
with  one  Foot  on  h,  draw  an  Arch,  on  which  Arch  lay  the 
Chord  of  4pd.  2  sm.)  by  drawing  the  line  AC,  and  it’s  done, 

PROB.  XIII.  To  make  a  Right  Angle  Triangle,  the  Legs  given 

Example,  The  Leg|gQ  |*Leagues  given. 

With  them  to  make  a  Right-Angle  Triangle,  is  required. 
Plate  1.  Fig ,  18.  ^  \  ‘ 

1.  Make  AB  equal  to  404  Leagues.  And  at  B  (by  Prob*  3. ) 
erect  a  Perpendicular  BC. 

2.  Upon  the  Perpendicular,  make  BC  equal  to  328  Leagues, 
and  from  A  to  C  draw  a  Line  and  it’s  done. 

Of  Oblique-angle  Triangles . 

Definition  f.  An  Oblique  Triangle  hath  three  Oblique  An* 
gles,  and  is  either  an  Obtufe  or  an  Acute  Triangle. 

2.  An  ObtufeTriangle  hath  one  Obtufe  Angle,  that  is,  one 
Angle  more  than  9od,  as  BCD.  Plate  1,  Fig.  19. 

3.  An  Acute  Triangle  hath  all  its  three  Angles  Acute^that 
is,  each  Angle  is  lefa  than  9od.  as  EFG.  Plate  1.  fig.  19, 

Note;  To  make  an  Oblique  Triangle,  three  things,  (and 
one  of  them  a  Side)  muft  be  given.  \  .  > 

Prob*  XIV.  To  makf  an  Oblique  Triangle,  two  Angles  and  one 

fide  oppofite  given. 

^AnpleJ  si4<L‘ - 

Example.  The)  ^  IbDC  z6d.  40ms 

2  Side  BC  3  52  Miles.  — 

With  them  to  make  an  ObliqueTriangk  is  required.  Plate 

I .  Fig*  ip. 

1  Make  BC  equal  to  352  Miles.  And  at  C  (by  Prob.  5. 
Examp.  3.)  make  the  Angle  BCD  equal  to  U4d.  by  drawing 
the  Line  CD  :  That  is,  Take  a  Chord  of  6od.  and  with  one 
Foot  on  C,  draw  an  Aren,  on  that  Arch  lay  the  Chord  of 
114.1L  by  taking  its  half  5  7<1.  and  kying  it  twice  on  the  Arch, 
by  which  draw  the  Line  CD,  thereby  you’ll  conclude  the 
Angle  BCD  174  Degrees. 

Add 
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2.  Add  ii4d.  and  z6d.  40m.  its  i4od.  40ml  the  Sum  of 

the  given  Angles.Which  fubtra£f  from  i8od  00m.  the  Sum 
of  the  Three  Angles.  - 

Remainder  is  the  Angle  CBD  59^.  4om. 

3.  At  B  ( by  Prob-  5,  Example  2.)  makes  the  Angle  GBD  e~ 
qual  to  3pd.  20m*  by  drawing  the  Line  BD  5  That  is,  with  a 
Chord  of  6od,  and  one  Foot  on  B,  draw  an  Arch  on  that 
Arch,  lay  the  Chord  of  3pd.  20m.  by  which  draw  the  Line 
BD,  and  it’s  done. 

Prob.  XV.  To  make  an  Oblique  Triangle ,  mo  Sides  and  one 

Angle  oppofite  given. 

BC  *74]>MI!< 


Example 


The^Slde^BD  42 6 


les< 


^tven, 


(  Angle  BCD  io8d.  30m. u. 

With  them  to  make  an  oblique  Triangle  is  required,  Plate 
£*  Fig  20. 

i*  Make  BC  equal  to  274  Miles,  and  at  G  (by  Proh.  5. Exanil 
3*)  make  the  Angle  BCD  equal  to  io8d-  30m.  by  drawing 
the  Line  CD. 

2.  With  42 6  Miles  and  one  Foot  in  B,  cut  the  Line  CD 
in  D,  and  by  B  and  D  draw  a  Line  and  it’s  done.  \ 

Prob*  XVI.  To  make  an  Oblique  Triangle,  Two  Sides i  and  an 

included  angle  given* 

Example  The  j  S!de  {  BD  1  given. 

£  Angle  CBD  ioid.  30m. 3 

With  them  to  make  an  Oblique  Triangle  is  required*  Plate 
t.  Fig.  21. 

1.  Make  the  Side  B  C  equal  to  327  Feet.  And  at  B  (hj 
Prob.  5.  Examp.  3.)  make  the  Angle  CBD  equal  to  ioid.  30m. 
by  drawing  the  Line  BD. 

2.  Make  BD  equal  to  274  Feet$  and  by  C  and  t>  draw  a 
Line,  and  it’s  done. 

Prob.  XVII.  To  make  an  Oblique  Triangle ,  three  fldes  given. 

Note *  Any  two  Sides  muft  be  greater  than  the  Third,  to 
make  a  Triangle. 

CBD  525? 

Example.  The  Side  «^BC  425  ^Leagues  given. 

CCD  250  j  *  ' 

With  them  to  make  an  Oblique  Triangle  is  required,  Plate 
t.  Fig .  22. 

1.  Make  BD  equal  to  525  Leagues,  Then  with  42  5Leag 
and  one  Foot  in  B  draw  an  Arch  G. 

B  a  '  %*  With 
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2.  With  £  50  Leagues  and  one  Foot  in  D*  cut  theAich  inC, 
and  from  C  draw  Lines  to  B,  and  to  D,  and  its  done* 

Se&  HI.  Of  Proportions  for  ready  measuring  Superficies  and 
*  Solids. 

HAving  fhewed  the  making  the  moft  common  and  ufeful 
Geometrical  Figures ,  I  now  proceed  to  their  (and  others ) 

Menfuration,  by  exaft  and  eafy  Rules. 

Now  to  prevent  the  Book  s  fwelhng  too  great,  1 11  not 
trouble  you  with  Arithmetical  Calculation,  but  prefect  you 
with  anlnftrumental  way  of  Operation,  that  s  quick  and  true, 
eafy  and  ready,  on  Gwters.Scale, ,  an  Inftrument  fo  very  well 
known,  it  needs  the  lefs  Defcription:  only  to  avoid  Repeti¬ 
tions  take  this  excellent  Rule. 

A  General  Pule  for  GunterVScale. 

Extend  the  Compares  from  the  firft  Term  (in  a  Geometri¬ 
cal  Proportion)  to  the  fecond  5  that  Extent  (if  rightly  laid) 
from  the  third,  will  reach  the  fourth  Term,  or  thing  required* 
This  Rule  well  minded,  will  make  what  follows  appear 
eafy,  and  favemany  Words  and  much  Time  }  and  therefore 
to  explain  it,  take  this  Proportion, 

As  z  is  to  6,  fo  is  5  to  15  5  which  I  fhorten  thus  5 

2  ..  6:  :  5 ..  1 5*  . 

The  Extent  (on  the  Line  of  Numbers)  from  2  unto  <S,  (ac¬ 
cording  to  the  laid  General  Rule )  will  reach  from  5  unto  15 
the  fourth  Term  and  thing  required. 

Thefe  Words  may  be  fpared  by  the  fhort  Way  of  writing 
the  Proportion  and  minding  the  Order  of  the  Terms,  as  in  the 
Problems  following.  But  for  a  full  Explanation  of  the  Gunter, 
and  bow  to  work  any  Proportion  by  it ,  fee  my  Additions  to  Mr. 

WAKELEI’i  MARINERS  COMPASS  REC¬ 
TIFIED.  Page  181,  e*c. 

^  Frob.  XVIII.  The  Diameter  of  a  Circle  given  5  to  find  its 

Periphery. 

the  Rule.  Asf  J  ^  "i  f  ! :  D!ameter  "  P«r'lPhery 

Example.  The  Diameter  54  Inches :  what  is  the  Periphery  ? 
Anjw ,  Inches  106.8  Tenths  of  an  Inch.  For, 

As  4  7  k  ••  5 12 i  i :  Inches «  iotf-8  tenths. 

^3•,4  S  That 


1 
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That  is,  The  Extent  of  the  Compaflfe?  ( on  the  Ltneof  Num¬ 
bers )  from  7  to  22,  or  from  1  to  3.14,  c^c.  will  reach  from 
34  Inches  to  iotf.8  Inches  nearefl.  Obferve  the  like  in  all  the 
reft.  n 


Prob.  XIX.  By  the  Periphery  to  find  the  Diameters 

TtaR«/*.As*^  3.141 59  >  ..  <  1.— — £ : :  Periph*  ..  Diamet, 
t  1 - -  J  60.3183  j 

Examp.  Periphery  Inches  106.8  tenths,  what  is  the  Diame¬ 
ter.  Anjwer ,  Inches  34.  For  22  ..  7  :  .•  Inches  io5*8  ..  34  In¬ 
ches  the  Diameter  required# 

Prob.  XX'  The  Diameter  of  a  Circle  given  5  to  find  its  Area 

or  Content, 


Th,  RuIp  S  i%  Find  its  Periphery  by  Prob.  18.  Then  fay, 
c  2.  As  1 ..  §  Diameter  :  :  |  Periphery  ..  Area. 
Examp.  The  Diameter  14  Inches  3  what  is  its  Area  ?  Anjw. 
1  54  Inches. 


By  Prob.  18.  The  Diameter  being  14,  the  Periphery  is  44 
Inches,  and  by  the  Rule  it  is  thus : 

As  1  7  :  ;  22  ..  1 54  Inches  the  Area  or  Content  required* 


Prob.  XXL  By  the  Periphery  to  find  the  Area . 

The  Rule  J  l*  Find  t^ie  Diameter  by  Prob.  19.  And  then  * 

C  2.  The  Area  is  found  by  Prob.  20- 
Examp.  The  Periphery  22  Feet ;  What  is  the  Area?  Anfiv; 
Feet  38  5  Tenths. 

The  Periphery  22  Inches,  the  Diameter  is  7  Inches,  by 
Prob.  19. 

And  by  Prob.  20,  it  is  thus.  As  1  ..  3.5  :  :  n  ..Inches  38.5, 
the  Area  required. 

Nore,  The  Area  is  of  the  fame  Name  with  the  Dimenfions 
taken :  That  is  3  if  the  Diameter  and  Periphery  be  Inches, 
Feet,  or  Yards,  &c  then  the  Area  is  Inches,  Feet,  or  Yards, 

CTT. 


Prob.  XXII.  To  reduce  the  Area  or  Content  of  any  thing  found  in 
Inches,  to  Feet  $  or  to  Gallons,  Beer  or  Wine. 

I.  Rule  for  Feet$  fay ,  144  ..  1 : :  Area  in  Inch.  -  Area  inFeet 
Rule  for  Ci  82  7  .  .  T  ,  C  Beer  7  Gab 

Gallons- As\  *3,$"  I!s  m  IncheS  \  Wine  Jions 
This  needs  no  Example  •  and  to  avoid  the  firfl  Rule,  take 
the  Dimenfions  in  Foot-meafure  5  that  is,  12  Inches  9  or  a  Foot 

B  3  divided 
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divided  Decimally  -  That  is,  into  100  equal  Parts,  called  the 
Line  of  Foot-meafure. 

Prob.  XXIII.  Th;  Diameter,  or  Periphery  of  a  Circle  givenyto  find 
the  fide  of  the  infcnb'd  jquare^r  the  Chord  of  90  deg. 

Tbt  liu!e‘  As  1  "  {  Ti]  l':\ Perish.' }  "  SUe  of  the  infcrib* 

ad  Square,  or  Chord  of  9od»  required. 

Example*  The  Diameter  of  a  Circle  being  Feet  3  4  Tenths  3 
What  is  the  Side  of  the  infcribed  Square,  or  the  Chord  oigo 
degrees?  Anfiv.Peet  2.4038  parts  of  100. 

For  3  As  1  •>  0,707  :  :  3.4  ••  2.40  38  the  Chord  of  90  deg. 
or  Side  of  the  infcribed  Square. 

Prob.  XXIV.  The  Bafe  and  Perpendicular  of  a  Triangle  given  3 

to  find  the  Area , 

The  Rule.  As  1  ••  §  Bafe  : :  perpendicular  ••  Area  required. 
Examp.  The  Bafe  16  Inches,  and  the  Perpendicular  12  In¬ 
ches  :  I  demand  the  Area  ?  AnJ'w.  96  Inshes. 

For  3  As  1  ••  8  ♦  :  12  ••  96  the  Area  required. 

Prob.  XXV?  The  Length  and  Breadth  of  a  Parallelogram  given  3 

to  find  its  Area. 

Definition m  1.  A  Quadrangle  hath  four  Angles,  and  four 
Sides  as  ABCD  3  and  is  either  a  Parallelogram  or  a  Trapezia, 
Plate  I  Fig*  23. 

*2  A  Parallelogram  hath  its  oppofite  Odes  Parallel  and  equal 
as  ABCD  3  and  is  either  a  Square,  a  Long-fquare,  a  Rhombus, 
or  Romboide;  the  firft  two  are  Rectangle  Parallelograms,  the 
latter  are  Obliquangled  Parallelograms. 

3.  A  Square  hath  four  equal  Sides,  and  four  equal  Angles* 
as  ABCD.  Fig*  23* 

4  A  Long-fquare ,  hath  but  two  Sides  equal,  and  four  equal 
Angies  3  As  EFGH.  Fig*  24 

5.  A  Rhombus ,  hath  four  equal  Sides,  and  but  two  oppofite 
Angles  equal  3  as  1KLM.  Fig.  25. 

6*  A  Rhomboids,  hath  only  two  oppofite  Sides,  and  two  op¬ 
pofite  Angles  equal  3  as  NOPQ  Fig>  2  6’  _  . 

Note,  The  Breadth  of  the  two  lait  is  not  IM  nor  NQ^but 
the  Perpendicular  MN,  and  QJl,  and  to  meafure  all  Paral¬ 
lelograms,  obferve  this  General  Rule * 

As  1  ••  Breadth  : :  Length  v.  Area  required. 
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Examp*  1.  A  Square  whofe  Length  AB,  and  Breadth  BO 
each  is  Feet  2.5  tenths :  What  is  the  Area  ?  Anfw.  Feet  6.2  f 
parts  of  100  For  j  As  i**2v5  ::  2.5  ••  tf.25  Area,  Fig.  23. 

Examp.  2.  A  Long-fquare,  whofe  Length  EF,  is  Feet  2.^. 
and  Breadth FG  is  Feet  1,6 :  What  is  the  Area?  Anfw.  4Feet 
For  5  As  1 ..  i*6 :  *  2.5  ••  4  Feet  Area.  Plate  1.  Fig*  24. 

Examp.  3.  A  Rhombus  whofe  Length  IK  is  Feet  2.5,  and 
Breadth  MN  Feet  1*6:  What  is  the  Area  ?  Anfw.  Feet  4. 

P/afr!  i.  Fig.  2  $0 

For  5  As  1  **  ::  2.5  “4Area  required. 

Examp*  4.  A  Rhomboids  whole  Length  NO  is  Feet  25^ 
and  Breadth  Q^RFeet  12.  What  Is  its  Area?  Anfw.  300* 
For,  As  1  •  12  : :  25  ••  300  Area  required <  Plate  1.  Fig .  ztf. 

Prob.  XXVI,  The  Diagonal  and  two  Perpendiculars  of  dTrapefta 

given  5  to  As 

Definition  i,  A  Trapezia ,  hath  its  oppoflte  fide  and  its  op- 
pofite  Angles  unequal:  As  ABCD.  Plate  1.  Fig.  27. 

2.  The  Diagonal ,  is  a  Line  drawn  from  its  oppofite  Angles- 
as  AO. 

3.  The  Two  Perpendiculars,  are  let  fall  from  the  Angles  to 
the  Diagonal,  As  BE,  and  DF, 

The  Area  of  a  Trapezia,  if  found  by  this  Rule. 

As  1  ••  ^Diagonal Sum  of  the  Perpendiculars  ••  Area  req 

Examp .  The  Diagonal  AC  28  Feet ;  The  Perpendicular  BE 
1 5  Feet  5  and  DF  12  Feet  :What  is  it’s  Area?  Anfw.  378  Feet 
For  -7  As  1 ..  14 ; :  27  ••  378  Feet  the  Area  required, 
Plate  1.  Fig.  27. 

Prob.  XXVII.  The  Length  and  Breadth  of  an  EHipfis  called  an 

Oval  given ,  to  find  the  Areaf 
The  Rule. 

As  1  ”  Breadth  •  ;  Length  ••  4th  Number  :  then  fay  again. 

1 1  ^  I*  *  '  ^  -^um^er  “  ^rea  required. 

Examp’  The  Tranfverfe  Diameter  of  an  Ellipfis  12  Feetyzn& 
Conjugate  Diameter  8  Feet.  What’s  the  Area  ?  Anfw.  7  5,^  Fetp$ 
For  ••  As  1  •*  8  ::  12  ••  96  the  Fourth  Number. 

Then  As  14  ..  n  ::  96  "  75.4  the  Area  required 
Prob.  XXVIII.  To  find  the  Area  of  a  Parabola . 

The  Rule.  As  1  ••  Axe:  :  Double  Ordinate  ..4th  Number; 
Then  fay  again  As  3  ••  2  :  4th  Number  ..  Area  required. 

Examp.  The  Axe  of  a  Parabola  9  Feett  and  the  Double  Or~ 
4in&te  8  Feeu  What*$  the  Area?  Anfiw ,  48  Fen. 

B  4  For^ 
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For  5— As  1  ••  9 :  :  8  ••  72  the  4th  Number. 

And  then  3— -As  3  *’  2  :  :  72  ••  48  Feet  the  Area  required* 

\  SecrL  IV*  Of  Solids ,  the  third  kjnd  of  Magnitude , 

D  fmtion.  A  Solid,  hath  Length,  Breadth  and  Depth;  and  if, 
b  ounded  by  one  Superficies,  is  either  a  Sphere ,  or  a  Spheriod-,  but 
bounded  by  more  than  one  Superficies  is  either  a  P?/w,  a 
Pyramid^  a  Prifmoid,  or  a  Pxramidmd-,  or  compounded  of  the 
laft*  called  a  Spindle. 


Prob.  XXIX*  Tfo  Diameter  of  a  Sphere  given,  to  find  the 

Solid  Content. 

Definition.  A  Sphere  or  Globe ,  is  a  Round  Solid ,  whofe 
Length,  Breadth  and  Depth,  is  a-like  and  equal  $  being  made 
by  the  Rotation ,  or  moving  of  a  Semi-Circle  about  its  Diameter  * 
whofe  Solid  Content  is  found  by  this  Rule. 

As  2  ^  **  }*  *  :  Cube  ofDiam  ••  Co»r.  required* 

Example,  A  Sphere  whofe  Diameter  is  Feet  2*42  Par  a  • 
What’s  the  Solid  Content  ?  Anfw'  Feet  7-43  Parts  of  100. 

For^—Asi  -  2.42  ::  2.42  ,,  5,86.*:  5.8*5  *•  14.17  the 
Cube  of  the  Diameter  -  then.  Feet. 

]»  :  ■  i<M7  7.4$  the  Content  required 

In  fuch  Cafes  as  this  the  readieft  Way  is  to  extend  the 
Comp&Cfes  from  theTfirft  Term  to  the  Third  Term  3  and  that 
beinp  turned  over  three  Times  from  the  Second  Term  will 
reach  the  Thing  required. 

As  here,  the  Extent  from  1  to  the  Diameter  2,42,  turned 
three  Times  from  0.524,  e^r.  reacheth  to  Feet  7.43  Parts  of 
100,  the  Content  required.  For  it’s  Thus  3 
I  »*  2.42  ::  0,524  ••  1*27  :  :  t  27  •«  3,07  :  :  3-07  7*43  that  is, 

The  Extent  from  I  to  2.42  (on  the  Line  of  Numbers')  will 
reach  from  0*524  to  1.27  5  and  the  fame  Extent  will  reach 
from  1.27  to  3.07  3  and  the  fame  Extent  from  3.07  reacheth 
to  Feet  7*43  Parts  of  100® 

Prob.  XXX.  The  Diameters  of  a  Spheriod  given  3  to  fnd  the 

Solid  Content. 

Definition .  A  Spheriod ,  is  an  Oval  Solid ,  Longer  than  it  is 
Broad ,  or  Deep  -  being  made  by  the  Rotation  of  a  Semi-El- 
iipfe  about  its  Diameter;  the  Solid  Content  is  found  by  this 

Rule. 
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Rule.  As  11  s1uari  4  Defth: :  Length  ••  a  4th  Numb,  then  fay, 

As{2ii"  f.sV*$  : :  4th  Numhir  '  •  Content  required 

Examp.  A  Spheriod  whofe 

What’s  the  Solid  Content  ?  Anfw.  Inches  63,4  Tenths. 

For  it’s  3  As  1 ..  Square  4.1  : ;  7.2  •.  121  ;  here  the  Ex¬ 


tent  from  1  to  4.1  is  turned  twice  from  7  2,  and  it  reacheth 


1 2 1.  Then  fay, 

I2i::£  f  ..  I  Ir*ches  61'4-  Tenths,  theCon- 
1  ?  6*5245  j  tents  required- 

Or  thus  3  As  1  ••  4*i  •  '  o  524 ••  215 ::  2.1 5  ••  8  81 ; 

That  is,  the  Extent  on  the  Line  of  Numbers  from  1  to  4.1 
will  reach  from  0.524  to  2.15  •  and  the  fame  Extent  from 
2.15  to  S.81  Parts  of  100. 

Then  3  As  1  •  •  8.81  :  :  7.2  **  <53  4  •  That  is,  the  Extent 
from  1  to  8.81,  will  reach  from  7  2  to  Inches  6$. 4  Tenths  of 
an  Inch,  the  Content  required. 


Prob.  XXXI.  The  Dimtnfons  of  a  Prifm  given  5  to  find  the 

Solid  Content • 

Definition*  1.  A  Prifm ,  is  a  Strait  Solid,  whofe  two  Bafes 
or  Ends,  are  equal,  parallel,  a-like,and  a-like  fituate. 

2.  A  Prifm,  takes  its  Sir-Name  from  its  Safe'  as  z  Round 
Prifm ,  a  Triangular ,  a  Quadrangular ,  or  a  'Multangular  Pnjm> 
all  aremeafured  by  this  one  General  Rule, 

As  1  ••  Ar*d  0/  oh*  £*/*  i :  Length  ••  Solid  Content, 

Examp,  1  A  Round  Prifm  called  by  fome  a  Cylinder,  whofe 

Diameter  at  each  End  is  >— - -  21  It  he 

And  Length  is - — ■  30  f  wr  e 

What’s  the  Solid  Content  ?  Anjw.  10392  Inches. 

A  Cylinder’s  two  Bafes  are  two  equal  Circles 9  and  therefore  the 
of  its  Bale  is  found  by  Prob.  20*  to  be  Inches  34 5  4 
Tenths :  Then  it  is, 

As  1  M  346.4  : :  30  “  10392  Inches ,  Content  required. 

Examp.  2.  An  Elliptic Prifm ,  whofe  Safes  being  equal 
Ellipses,  their 

Tranlverfe 
Conjugate 

AndL«wgfh  of  the^V/V/  is  Inches  30 
What’s  the  Solid  Content  ?  Anjw.  Inches  2  262  ® 


Diameter  is  Inches 


•t 


12. 

8. 
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For  its  Bafe  being  an  Eliipfis,  the  Area  by  Preb.  27.  is  75.4, 
Inches,  and  then  it  is. 

As  1  **  75  ,4 30  *•  22  62  Inches  the  Solid  Content  required 

Examp,  3.  A  Trianglar  Prifm,  who  Bafes  are  two  equal 
Triangles,  in  each  of  which 

The  {  Perpendicular \ *s  Inches  f  it 

And  the  Length  of  the  Solid  is  Inches  20. 

What’s  the  Solid  Content?  Anfw.  Inches  1920J 

The  Area  of  the  Bafe  (by  Prob.  24J  is  96  Inches:  and  then 
it’s* 

As  1  "  96  : :  20*.  1920  Inches,  Solid  Content  required. 

Examp .  4.  A  Cube  (which  is  a  Q;iadriangie  Prifm,  of  equal 
Length,  Breadth  and  Depth,  being  cloathed  with  fix  equal 
Squares^whofe  Sides  is  Inches  12:  What’s  the  Solid  Content? 
u4nfvi.  Inches  172.8, 

For,  As  1  •*  Square  of  12  : :  12  ••1728:  That  is,  the  ex¬ 
tent  from  1  to  12,  turned  over  two  times  from  1 2  >  reacheth 
to  Inches  1728  the  Solid  Content  required. 

Examp ,  5.  Parallelepepidon,  or  a  Quadrangle  Prifm,whofe 
Bafes  are  two  equal  Squares  of  each  one. 

Si* 

What’s  the  Solid  Content  ?  Jyifiv.  Feet  33.9  Tenths. 

For;  As  1  ••  Square  of  1.25 : :  21  75  ••  Feet  3  3,9  5  that  is, 
the  Extent  from  ito  1.25,  being  turned  two  times  from  21.75 
<**ill  reach  toFeet  33.9*  the  Solid  Content  required.  . 

Examp.  6  AParallelepepidon,  or  a  Quadrangle  Priim^whofe 
Bafes  are  two  equal  Long  Squares,  in  each, 5 
rpk  J  Breadth  is—.  1.6'  7 
*e  1  Depth  is  —  -- —  2.5  (.Feet 
And  Length  of  the  Solid  15.5  3 

What’s  the  Solid  Content  ?  Etnfw.  Feet  6it 

For  it  is  As  1  ••  1.6  2.5  ••  4  Area  of  the  Bafe 

Then  3  as  1  **4  ::  15.5  -62  Feet*  Solid  Content  required 

In  the  like  manner  may  the  Solid  Content  of  any  Prifm  be 
found,  let  its  Bafe  be  of  what  Form  foever  3  for  its  Area  may 
be  found  by  Prob  20,  2 r,  22,  23*  24*  25,  26  or  27,  and 
the  Solid  Content  oi  the  Prifm,  by  the  General  Rule  in  the 
Prob'  3*. 

Prob. 
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prob.  XXXII.  T he  Dimenfious  of  a  Pyramid  given  •  to  find 

the  Solid  Content , 

Definition  i.  A  Pyramid  is  a  Strait  $olidf  having  one  d$afe% 
and  at  t’other  end  a  Pun£L  called  the  Vertex, 

2.  A  Pyramid ,  takes  its  Sir-name  from  its  as  a  Ro/Ws 
an  Elliptic ,  a  Triangular ,  a  Quadrangular ,  or  a  Multangular - 
Pyramid *  all  are  meafured  by  this  one  General  Rule. 

As  3  ..  0/ ifoy#  :  s  Length  Solid  Content % 

Not#  5  By  Length  underftand  a  Perpendicular  from  the  Fh- 
th cBafe-j  and  not  the  Length  ot  the  Pyramid  on  its 
outfidefrom  to 

Examp .  A  Ro«»^  Pyramid ,  called  by  fome  a  Cow#,  whole 
Diameter  at  Bafe-~*-~  21  1  r  , 

Perpendicular  Length  30  X  W  ** 

What’s  the  Solid  Content  ?  Anfw.  3465  Inches 

For  the  of  the  Safe  is  Inches  $4.6^  by  Prob .  20* 

And 

Then  5  As  <5  ••  346,5  ::  30 ••  3465  Inches,  which  is  theCo//^ 
Content  required. 

The  like  do  ‘  for  any  other  Pyramid ,  which  I  pafs  over, 
having  given  «SVx  Examples  in  a  Prifmy  and  leave  you  to  apply 
them  here. 

Prob.  XXXIII.  The  Dimenfons  of  a  Prifmoid  given  5  to  find 

its  Solid  Content . 

Definition  1.  A  Prifmoid  is  a  Strait  iSo/m?  having  two  une¬ 
qual  Safes  or  Endsy  but  are  parallel,  like,  and  a-like  iltuate. 

2.  A  Prifmoid ,  is  as  various  as  a  Prifm%  and  is  no  other  than 
the  Fruftum  of  a  Pyramid . 

2.  Fruftum  of  a  Pyramid ,  is  the  lower  Part  of  it,  when  the 
upper  Part  is  cut  off  Parallel  to  the  Safe  $  and  all  of  them 
may  be  meafured  by  this  General  Rule . 

r.  Multiply  the  Area  of ,  Baf  ?  together,  and  from  the 

Produft  extrafl  the  Square  Root . 

2*  Add  the  ojf  #<s*cfo  I^y#,  and  that  Square  Root  into, 

one  Sum;  Then, 

3.  Say,  As  3  •  •  that  Sum  ■ :  Length  ••  Solid  Content . 

But  for  a  Square  Prifmoid ,  take  this  Particular  Rule . 

I.  To  the  Square  of  each  fide ,  add  the  Produff  of  the  fides- 
into  one  :  Then, 

Say,  As  3  ••  that  Saw  «:  Length «So/*W  Content * 

And  for  a  Round  Prifmoid ,  this  is  the 


le  Add 
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f-  Add  the  Square  of  each  Diameter,  and  the  Frodu£l  of 
the  Diameters  into  one  Sum  :  And  then, 

2.  Say,  As  3.82  ••  that  Sum  :  :  Length  ••  Solid  Content. 

Or  more  largely  thus  3  As  3.8197,  is  to  the  forefaid  Sum, 
fo  is  the  Length  to  the  Solid  Content. 

Examp  1.  A  Square  Prifmoid  (or  the  Prujlum  of  <t  Square 
Pyramid)  viboje 

Perpendicular  Length  C  60  Inches 
What’s  the  Solid  Content  ?  Anjw.  8820  Inches. 

(  C  *5  7  Ci5p  C  ^5  Square 
For  ;  As  1  ..  «<  9  r  ••  i  81  Square 

6  p  J  C  *5  J  £135  Product 


Sum  of  the  two  Squares  and  Produ&  is  441  Inches 
Then,  As  3  ..  441  :  :  60  ..  8820,  Solid  Inches  required. 

Examp.  2.  A  Round  Prifmoid  (or  thsEruflum  of  a  Cone')  whofe 

Leflhr^  Diameter  ft  FeetS  Tenths 

Perpendicular  Length  ~ - C  do.  Feet. 

What’s  the  Solid  Content  ?  Anfu\69.%  5  parts  of  ioot 
r  1*5  >  C1.57  C  2.25  Square 

For  3  As  1  ••  «<  0.9  >  ;  :  <0.9/  ••  <  o-8i  Square 

<0.9)  C1.5  j  Ci‘3  5  Product 


Sum  of  the  two  Squares  and  Produ6l  —4.41  Inches 

Then,  As  3.8*  ..  441 :  :  60  ..  69.2  s,  Solid  Inches  required. 


Example  3.  An  Elliptic Prijmoid ,  or  the  Fruftum  of  an  Ellip¬ 
tic^  Cone,  u'hoje 

Greateft  Diameter  at  Top,  Inches  7.5  Tenths 


Leaft  Diameter  at  Top  —  — .  5. 
Greateft  Diameter  at  Bottom  — —  8.7 
Leaft  Diameter  at  Bottom— —  5*8 
Perpendicular  Length ■  47.0 


What’s 
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What’s  the  Solid  Content ?  dnfw.  1617  Inches,  For, 
,  S  5-  1 .  .  S  7-5  £  i  57  5  Area  of  Top  Long  {quarc 
2  5.8}’  {8.7  £  \  50.46  Area  of  Bottom.  And, 

As  1  ..  37.5  : ;  50.46  «.  185)2.25  whofe  SquareRoot  is - -43.5 

A rea  at  Top  —  37.5 
Area  at  Bottom—  50  46 


Sum  is*— 131.46 

Then  5  As  3.82  ..  131.46  :  :  47  ..  1617  Sclid  Content  in 
Inches  required. ,  .  « 

If  the  Bafes  of  the  forefaid  Prifmoid  had  been  Jong  fquares 
the  Work  is  the  fame,  except  only  in  the  laft  Proportion  $  and 
having  the  fame  Dimenfions,  its  Solid  Content  is  Inches  2060? 
very  near  :  For  it  is  thus  ] 

As  3  ..  131.46:  *.47  ••  2059.5  Inches  Solid  Content* 

Prob.  XXXIV.  The  Dimenfions  of  a  Pyramidoid  given  5  to  End 

it's  Solid  Content, 

Definition  I,  A  Pyramidoid  is  not  a  ftrait  Solid,  it  hath  one 
Bafe,  and  at  t’other  end  a  Punft  call’d  the  Vertex  ;  but  the 
out-fide  from  Bafe  to  Vertex,  is  convex,  either  Spheriodical, 
Parabolical,  or  Hyperbolical,  zrc, 

2.  A  Pyramtdoidy  takes  its  Sir-name  from  its  Bafe  and  out- 
fide  5  as  a  Spheriodical,  Parabolical,  or  Hyperbolical  Round 
Pyramidoid and  fo  of  the  reft,  as  in  a  Pyramid  5  all  may  be 
meafured  by  this  one  General  Rule. 

As  1.5..  Area  of  the  Bafe:  :  Length  ..  Solid  Content,  when 
a  Spheriodical  Pyramidoid  5  but  if 

Examp.  A  Round  Pyramidoidy  called  by  [ome  a  Conoid ,  whofe 
Diameter  at  the  Bafe  -  21  l  Inches 

Perpendicular  Length —  30  ) 

C  Spheriodical  ?  J  C  69  2  O 

What’sthe Solid  Content,  iK  Parabolical7.  > AnpwX  5*97-5 

C  Hyperbolical  ?  )  *4331.2 

The  Area  of  the  Bafe  is  Inches  146.5  Tenths,  by  Prob.  iOe 
And  then  it’s, 

f!  p  r  69  30  Spheriodical  > 

As<2.  £  ..  146.5-  30  ..  \  5197*5  Parabolic  a  f^Cont,  in  Inches 
C2.4  y  >43?*-*  Hyperbolical} 

More 

.... 
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More  Examples  I  think  here  needlefs,  havinggiven  fomany 
in  a  Prifm,  and  the  Rule  for  this  and  that  being  fo  like- 

Prob-  XXXV.  T he  Dimen  font  of  the  Fruflum  of  a  Parabolical 
Pyramidoid  given  5  to  find  the  Solid  Content. 

-  r 

Difinition*  Frttftum)  is  the  lower  Part  of  a  Pyramidoid,  cut 
parallel  to  its  Bafe. 

A  General  Rule , 


This  is  the  fame  with  the  General  Rule  for  a  Prifmoid,  fave 
only  in  the  third  Precept,  which  in  this  Cafe  is  thus. 

Asa  ..  that  Sum :  *  Length  •*  Solid  Content  required. 

But  for  the  Fruftum  of  a  Square  Parabolical  Pyramidoid* 
take  this  Particrular  Rule. 

1 .  To  the  Square  of  the  greateftfide,  add  the  Square  of 
the  leaft  Side  into  one  Sum  t  Then, 

2.  Say,  As  2  ••  that  Sum : :  Length  -  Solid  Content  required 
And  for  a  Round  Frtftum,  that  is  Parabolical,  the  Rule  is  * 

I.  Add  the  Square  of  each  Diameter  into  one  Sum  5  Then 
2.  Say,  As  2. 546  •’  that  Sum  * :  Length  ••  Solid  Content. 
Or  more  largely  thus  •  As  2. 54649,  is  t©  the  forefaid  Sum  § 
fo  is  the  Length  to  the  Solid  Content. 

Examp.  iv  The  Fruftum  of  a  Square  ParaboiicalPyramidoid, 

whofe 

Side  at  Top  ■■■""—  •m*™**""'*™* Inches  4 

Side  at  Bottom  —  — — -  ■  ' - -  ^ 

Perpendicular  Length  . . "■”*  -48 

What  the  Solid  Content?  A npw.  1824  Inches 
For  £  As  i  ••  4  :  s  4  **  16  the  Square  at  Top 

As  1  ••  6  :  •  6  ••  96  the  Square  at  Bottom 

As  1  ••  4  :  s  6  ••  24  the  Produd  of  the  two  Sides 


Sum  ofthe  two  Squares  76  Inches,  and  the  Prod u&  of  the 
two  Sides. 

Then  fay  •  As  2  ••  76  : :  48  ••  i824lnches,  the  Solid  Content 
Examp,  2.  The  Fruftum  of  a  Round  Parabolic  Pyramidoid, 
(or  the  Fruftum  of  a  parabolic  Conoid)  whofe 


Diameter  at  Top  * - — - “  *  4  7 

Diameter  at  Bottom  — — *»  6  >  Inches 

Perpendicular  Length— — 48  ) 

What’s  its  Solid  Content  ?  Jnfw.  1433 
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For  3  As  1  ••  4  ;  :  4  ••  16  the  Square  at  Top. 

As  1  ••  6  :  :  6  36  the  Square  at  Bottom.1 

As  1  ••  4  o* :  6  ••  24  the  Produflot  both  Diameters, 

Sum  of  the  two  Squares  76  Inches,  the  Produft  of  both  Dianr 
Then  fay  3  As  2.546  ••  76  : :  48  ••  143 3 Inches,  the  Solid  Gont* 

Se£I  V.  The  application  of  the  whole,  in  mea faring  Board ,  &lafs9 
plaiftering.  Paintings  Paving,  and  Land  3  Timber  and  Stone  $ 
Gauging  of  Cask.,  and  a  Ships  Hold. 

I.  JR  Oard  or  Plank,  Glafs,  and  flat  Stone,  are  meafured  by 
the  Foot  Square^  or  Superficial  Feet,  containing  144  Square 
Inches,  or  12  times  12  :  So  that  to  know  how  many  Square 
Feet  are  contained  in  the  Area,  or  Content  of  any  Superficies 
taken  in  Inches,  the  Proportion  is  this  3 

As  144  ..  1  : :  Content  in  Inches  *•  Content  in  Feet. 

But  the  eafleft  way,  is  to  have  the  Foot  of  12  Inches  dm* 
ded  Decimally  into  100  Parts,  called  Foot  Meafure  3  and  by 
fuch  a  Foot  to  take  the  Dimenfions  of  the  thing  you  would 
meafure,  or  know  the  Content  of  in  Feet. 

Then  confider,  if  the  thing  to  be  meafured  be  a  Circle, 
Triangle,  Square,  Long  fquare,  ere,  the  Rules  proper  for 
fuch  a  Figure  (in  Seft. 3.  of  this  Chapter')  direft  to  find  theArea. 
That  is, 

If  the  thing  to  be  meafured  be  a  Circle,  then  Prob.  10  or 
ai  fheweth  how  to  find  its  Area;  if  its  a  Triangle,  then  Prob • 
24  gives  a  Rule  to  find  the  Area 3  if  a  Parallelogram,  Prob.  25 
hath  a  Rule  to  find  its  Area,  whether  it  be  a  Square,  a  Long- 
fquare,  a  Rhombus,  or  Rhomboids  3  now  Floars  and  Ceilings 
ofHoufesaregenerallySquares,or  Long  Squares3  alfo Boards, 
Planks  and  Flat  Stones,  (are  commonly^)  Squares  or  Long- 
fquares;  If  a  Trapezia,  then  Prob •  2 6  fheweth  how  to  mea¬ 
fure  it  3  if  it  bean  Ellipfis,  Prob  27  hath  a  Rule  for  its 
meafuring  3  and  fuch  are  Oval  Tables.  And  if  the  thing  to 
be  meafured  be  a  Parobcda,  then  Prob.  28  fheweth  how  to 
find  its  Area. 

2.  P lai ft ering.  Painting,  and  Paving,  is  meafured  by  the  Yard- 
Square,  containing  Nine  Square  Feet3  and  therefore  after  you 
have  found  the  Content  in  Feet ;  the  Proportion  is  this  3 

As<?  ••  1  ::Content  in  Feet  3  the  Content  in  Yards. 

3.  Timber  is  meafured  by  the  Cubic  Foot,  containing  1728 

Solid 
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Solid  Inches  :  And  when  the  Content  of  any  Solid  Body  is 
known  in  Cubic  Inches,  to  reduce  them  into  Cubic  Feet, 
which  is  the  Timber,  or  Stone  Foot,  the  Proportion  is  this: 

As  1728  *•  1  : :  Cubical  Inches  ••  Solid  Feet. 

But  meafuring  the  Dimenfions  of  a  Solid,  by  the  aforelaid 
Decimal  Feet,  the  Rules  proper  for  it  (in  »SV£7. 3.  of  thisC/^j  as 
a  Sphere,  Prifm,  arc.  Finds  the  Solid  Content  in  Feet. 

That  is,  if  it  be  a  Sphere,  then  Prob.  29  hath  a  Rule  to  find 
its  Solid  Content,  fuch  are  Bullets,  and  Granadoes  ufed  in 
great  Guns,  Mortars,  or  Bombs. 

If  a  Spheriod,  then  Prob,  30  fheweth  the  meafuring  of  it, 
and  fuch  are  things  inShape  like  anEgg,  whole  Ends  are  equal. 

If  a  Prifm, ,  then  P^ob.  31  directs  its  Meafurement,  and  by 
it,  all  ftrait  pieces  of  Timber  or  Stone,  whofe  Ends  arealike 
and  equal,  are  meafured. 

If  a  Pyramid ,  then  Prob.  32  (hews  the  Meafuring  it,  and 
fuch  are  Spire  Steeples,  and  all  StraitSolida  ending  in  a  Point 
at  one  End. 

If  a  Prfmoidy  then  Prob,  33  direfls  its  Meafuring,  and  fuch 
is  all  Taper  Timber,  whether  Round,  or  Square. 

If  a  Pyramidoid ,  then  Prob.  34  fheweth  the  Meafuring  of  it, 
and  fuch  is  the  half  of  all  Casks,  if  they  were  continued  from 
the  Bung  by  the  Head,  till  they  End  in  a  Point. 

If  a  Fmftum  of  a  Parabolical  Pyramidoid  then  Prob .  3  5  ferves 
to  meafure  it,  and  fuchare  Qofe  Caskj^lf  cut  in  halves  through 
the  Bung,  and  Parallel  to  each  Head  ;  fo  that  by  this  Problem 
is  taught  the  way  of  finding  the  half  Content  of  a  Cask, whofe 
doubleis  the  whole  Solid  Content:  But  a  more  particularRule 
for  Gauging  a  Cask,  followeth  in  the  next  Problem. 

4.  Land  is  meafured  by  the  Rod  or  Pole,  containing  in 
Length,  Feet  i5f,  and  a  Square  Rod  is  Feet  27235  an  Acre 
of  Land  containeth  160  Square  Rods. 

Now  the  readieft  way  to  caff  up  the  Content  of  Land  in  A- 
cres  is  to  take  the  Dimenfions  by  a  Four  Pole  C ham^  Decimally 
divided  (that  is  into  an  looLinks)  then  the  Rules(in  SeH,  3.  of 
this  Chap.)  proper  to  the  Form  of  it,  (whether  a  Triangle, 
Square,  Long  Square,  Rhombus,  Rhomboides,  or  Trapezia^ 
finds  the  Content  in  the  Square  Chains^  which  are  turned  in” 
to  Acres  thus  5  . 

A®  10  -  1  • :  Square  Chains  “Acres* 


5.  Gauging 


/ 
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5  Gauging  is  by  the  Gallon,  and  that  e  ther  Beer  containing 
282  Cubical  Inches ,  or  Wine  231  :  Then  to  reduce  Cubical  Inches 
into  Gallons  of  either  Kind  the  Rule  is  5 

As  ••  I  :•*  Cubical  Inches  ••  Gallonsof  1 

l  2 3  1  J  i  /r /w? 

So  that  the  Dimenfionsof  any  Solid  Body  taken  in  Inches,  the 

proper  Rules  for  that  Body,  finds  its  Content  in  Inches,  and 

the  Rule  above  finds  the  Gallons  of  Beer  or  Wine  it  will  hold* 

Prob.  XXXVI.  6.  To  Gauge  a  Cask,  taken,  as  the  middle  FruRum 

of  'a  Sgheriod. 

The  Rule.  Add  twice  the  Square  of  the  Bung-Diameter, and 
or.ce  the  Square  of  the  Head,  into  one  Sum  :  Then  lay, 

2.  As  3.82  **  tha t  Sum  :  :  Length  ••  Solid  Content  of  the  Cask 
in  Inches  3  and  then  the  Gallons  of  Beer  or  Wine  are  found 
by  the  Foregoing  Rule,  Or  thus, 

1.  Say,  As  1  **  0.7  : :  Difference  of  Dead  and.  Bun g  *s  a  Fourth 

Number.  * 

2.  That  4  th  Number  add  to  the  Head  Diameter,  the  Sum  is 
a  Mean  Diameter  :  Then  fay, 

15^  *•  Sy.'Mean.  D'tam- :  :  Length  ••  Wiru  ^Gallons 

Exam.  A  Cask  ivhofe  Bung  Diameter  is  Inches  2  3 
Head  Diameter  — — —  Inches  19  9 

Length  of  the  Cask. « - -  Inches  274 


What’s  i  uContent  in  Beer,  or  Wine  Gallons  ?  An  fa*  Beer  Gallons 
3 6.99,  or  Wine  Gallons  45.  5. 

As  1  ••  0.7  : :  3,1  ••  217  ,  which  added  to  *9.9  3  makes  the 
Mean  Diameter  to  be  22.07.  Then, 

}  “  Sluare  «  :  »7-+  - \\fffvZ}GaUms 

That  is  3  the  Extent  from  the  Firft  Term  to  the  Second, 
twice  turned  over  from  theThird,  gives  the  Gallons  requird* 

Prob.  XXXVII.  7*  To  meafure  a  Sb<f  3  that  is 5  to  find  her 

Tannage* 

The  Rule.  1,  Say  as  I  ••  Breadth  :  :  /A*//"  Breadth »»  Fourth 
Number 

0  £•  *1  lien 


j4  Meafuring  of  a  Ship,  a  Bah,  Chap*  1* 

2,  Then  5  As  94  .tjfh  Number : :  Length ..  to  required. 

A  Ship  75  Feet  by  the  Keel,  and  25  Feet  by  the 
Beam:  What’s  her  Tunnage  ?  Anjw.  ill  Tuns. 

For 5  As  1  .*23:111*5  ..264,5,  the  4th  Number. 
Then,  As  94  .*  264.5  5:75*.  21 1  Tuns  required. 


8.  To  meafure  Bales  or  Cafes ,  or  to  give  *6*  Tunnage  of  them  s 
they  are  Prifmsi  and  their  Dimsnfions  taken  by  the  Decimal 
Foot  •  the  Content  in  Cubical  Feet  is  found  by  Prob,  31  *  And 
then  fay, 


As  66  ..  1  i  1  Cubical  Feet  ».  Tuns  required. 

Or  thus,  As  66  ..  Area  Bafe  1 :  Length  ..  Tuns  required. 

C  Breadth  is  Feet  4.2 

Examp.  A  fW<?  whofe<  Depth  r — ■'  ~  "  ■■  ■  ■■■■■-■— * — 2.6 

Length  — . *  5  *7 


What’s  the  Content  in  Tuns  ?  Anfw,  0.943  Farts.  For, 

As  1  ..4,2:  :  2.6  ..  10.92  Area  of  itsBaJex  Then 
As  66  ••  10*92  :  :  5*7  Tuns,  o  943  Parts  required. 

Note,  That  66  Feet  is  the  Content  of  a  Cafe  that  inclofeth 
two  Englijh  Butts ,  fo  that  this  Rule  excludes  the  Cantlings  of 
the  Cask ,  which  is  better  than  f  part  $  therefore  allowing  for  ^ 
the  Cantlings  or  Vacancy  to  be  26  Feet,  the  remaining  40  Feet 
Is  to  be  counted  for  a  Tun  :  And  then, 

The  Rule  is ,  As  40  -  Area  BafeX X  Length  •*  Tuns  required* 
And  then  the  forefaid Bate  contains  Tun  1.5  56  parts.  For* 
As  40  49  Area  Bafe  10.92  :  *.  Length  5*7  *.  Tun  1.556  parts. 

So  much  for  Geometry  3  Trigonometry  is  next  in  order  to  be 
learned,  ** 


1  r~S 

Chap*  IL  Containing  the  DoBrim  of  <-P lain  Triangler • 


T 


Rigonometry^  is  that  part  of  Geometry  which  treats  more  par 
ticularly  about  the  meafuring  of  Triangles,  wherein  ha 
rt  ok-^  tk;M#ie  rr i rr p n  .  pit’hPf  55idf»S-  Angles*  Of  both  : 


UW.Uld.liy  AUUUUIK  Uit»u*i»ug  V..  - r  ------- 

ving  three  things  given  3  either  Sides,  Angles,  or  bot 
a  4th  fSide  or  Angle  may  be  found  3  and  is  either  Plain 
Spherical  5  It’s  the  former  we  begin  with. 


01 


Sed?  L 


r-  _ „ 

Seel.  I.  Slain  Trigonometry  ReSlangutar  35 

Seclion  I.  Of  Things  necejfary  to  he  under  flood,  relating  id  Plain 

Trigonometry . 

i»  A  Triangle ,  is  any  Three-corner' d  Figure?  It  confifteth  of  (Ik 
x  things,  Three  Sides  and  Three  Angles*  and  is  either  Plain 
or  Spherical 

x  2,  A  P/aw  Triangle  is  proje&ed  on  a  Plain  Superficies,  and 
therefore  its  Sides  are  Right-lines :  But  the  Sides  of  a  Spheric 
Triangle ,  are  Arkj  of  the  Sphere ,  of  which  more  in  the  Chapter 
of  Spheric  Trigonometry 

3.  An  is  the  meeting  of  any  two  Lines ,  making  g 
Corner  ^  and  is  either  a  Right-angle ,  containing  juft  90  deg.  or* 
Oblique  more  than  90  deg.  called  an  Ohtufe-angle  3  or  lefs  than 
90  deg.  called  an  Acute-angle . 

4.  When  two  crofting  one  another,  make  the  Angles 
on  every  fide  equal ,  then  thofe  Angles  are  Right,  and  theLi«er 
are  Perpendicular , 

5.  A  Degree,  is  the  360th  part  of  the  Periphery  of  any  Circle « 
the  4th  Part  90  is  called  a  Quadrant,  and  the  half  180  is  a 
Semicircle :  Alfo  a  Degree  containeth  60  Min .  and  a  M». 
conds ,  See.  as  in  Proh.  p,  Defin.  of  Geometry ,  in  /tag*  15. 

6.  By  Complement  of  any  Degrees,  understand  what  thafcDe* 
greet  want  of  po. 

7.  A  Triangle ,  is  either  Right-Angled ,  having  one  Right* Angle* 
or  Oblique ,  having  no  Right-Angle . 

8.  In  a  Right-angle  Triangle,  the  iW*  oppofite  to  the  'R/gir- 
«wg/*,  is  called  the  Hypotenuje,  and  the  two  S/Wt;  containing  the 
Right-angle *  are  called  Legs. 

9.  In  all  P/<*w  Triangles ,  the  Sum  of  the  three  ^«g/**  added 
together  are  equal  to  180  Degrees . 

10.  The  Angles  Plain  Triangle)  being  only  given,  th£ 
Proportion  of  the  can  only  be  determined  3  Therefore, 

11*  In  a  Right-angle  Triangle,  two  things  given  (if  one  be  a 
&Vk)  are  fufficient  to  find  a  Third :  But, 

12.  In  Oblique  Triangles  three  things  and  one  of  them  a  Side6 
mu  ft  be  given  to  find  a  Fourth. 

13.  Three  Letters  fignifies  an  Angle  •  as  BAC  fignifies  the  Angle 
h  %  And  Two  Letters  a  Side  3  as  AB  fignifies  the  Side  AB>  era 

14.  Given  Things ,  whether  Sides  or  Angles }  are  marked  with 
a  Da(k,  thus,(  '  j  and  required  things ,  with  a  Cypher  thus,  f  0  ), 

C  a  i.5<f  \ 

1 

. .  ■  s  '  -  ' 


trigonometrical  Definitions  Ghap.  II. 

1 5 •  Im.l after  any  Humh"  fignifIes  {  Mmpa,  V thus> 


2  5d.'  is  25  Degree .%  and  3  imv  is  3  1  Minutes* 


S. 

S.  c. 

T. 

T  c. 
Sec. 
Sec.  c. 
Co.  Ar. 


{lands  for  ! 


f  Sine 

Sine  Complement,  or  Co-Sine. 
Tangent. 

Tangent  Complem.  or  Co-Tang. 
Secant. 

Secant  Complement  or  Co-Secant. 
Complement  Arithmetical, 
is  to,  or  to  thd 
fo  is  5  As  thus,  2  ..  4  :  :  3  ..  tf. 


That  is,  As  2  is  to  4,  To  is  3  to  6, 

1 6.  There  are  Seven  Cafes  in  Right-angle  Triangles ,  and  Six 
in  Oblique.  Their  Solution  follows  3  but  firll  of  Right-angle 
Triangles, 


II.  The frfl  .Axiom,  and  thefeven  Cafes  of  Plain- Right  angle* 
Triangles  depending  thereon. 

A xiom  i.TN  all  Plain- Right-  angle  Triangles ,  if  one  of  its  Sides 
**■  be  made  Radius,  the  other  two  will  be  either 
Sines,  Tangents,  or  Secants  3  That  is, 

1.  If  the  Hypotenufe  be  Radius,  each  Leg  is  the  Si  ne  of 
its  oppofite  Angle’  See  Plate  2.  Fig,  1.  for  the  firft  Axiom, 

2.  If  one  Leg  be  Radius,  the  Hypotenufe  is  Secant,  and  . 
the  other  Leg  is  Tangent  of  the  Angle  oppofite  to  this  Leg. 
See  Plate  2 *  Fig.  2.  for  the  firft  Axiom. 

And  what  Proportion  the  Side  made  Radius,  hath  to  Ra¬ 
dius  3  the  fame  hath  the  other  Sides,  to  the  Sines,  Tangents, 
or  Secants  by  them  reprefented  3  and  the  contrary.  And, 

Note  f.  To  find  a  Side,  any  Side  may  be  Radius,  faying 
-thus  3 

As  the  Word  on  the  Side  given ;  is  to  the  Side  given  3 

So  is  the  Word  on  the  Side  required,  to  the  Side  required. 

Note  2.  To  find  an  Angle,  one  of  the  given  Sides  mu  ft.  be 
Radius.  Then  fay, 

As  one  given  Side,  is  to  the  Word  on  it ; 

So  is  the  other  given  Side,  to  the  Word  on  it. 

Obferve  to  begin  with  the  Side  made  Radius. 

Thefe  two  Notes  fto  the  diligent  Reader)  are  tumcient  to 
frame  any  Proportion  by  the  firli  Axiom  9  making  any  Side  of 
a  Right-angle  Triangle  the  Radius. 


Prob.  L 
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Seel,  II,  Qlain  Trigonometry  Re  &  angular  'fij 

Problem  I.  Cafe  r.  The  singles  and  Hyfiotenufe given j  to  find 

either  of  the  Legs . 

In  the  Right  Angle  Triangle  ABC  Plate  2.  Fir.  r. 
rp'  5  tiypob  AO  1 2 1  Lea 2.  7  .  r  cAR  ^ 

C  Angle  B  AC  54T  50m  j§vtn  :  BG  j  rcCla*rea 

Tnls  Triangle  is  made  by  Prob  to.  of  Geometry. 

II  you  make  Ac  Radius,  toe  Proportion  (by  Axiom  1.  and 
Note  1.)  is  thus, 

As  Radius,  is  to  the  Hypotenufe  ^  C  5  To  is  the  Sine  of  the 
Angle  B  AC ,  to  the  Leg  BC.  Or  thus  briefly. 

Radius  «.  Hypot.  AC:.*  S.  B.A  C  ..  Leg  B  C . 

121  Leag.  S4,d.  50m, 

1  ■ 

9.910686 
082  785  , 

—•  Leag. 

•  .  si  .993471^8,51  parts. 

To  work  Proportions  by  Logarithms,  obferve  this, 

General  Rule.  Add  the  Logarithm  of  the  Second  and  Third 
1  erm  together  5  and  from  that  Sum  fuhtracl  the  Logarithm  of 
the  firft  Term,  the  Remainder  is  the  Logarithm  of  the  fourth 
Term,  or  Number  fought. 

As  in  the  foregoingProportion,  the  Sum  of  the  Logarithms  of 
the  Second  and  Third  Terms  added  together  is  11.993471  • 
from  which  it  is  eafy  to  fubtraft  the  Logarithm  of  the  Fir  ft 
Term  (being  Radius)  by  cancelling,cutting  off,  or  leaving  out 
the  firft  Figure  to  the  Left-hand,  and  then  it  is  r  1.993471, 
which  brings  forth  98.5 1$  that  is,  Leagues  98  5  r  Parts  ofr  00 
for  the  Leg  BC,  the  Fourth  Term  or  Side  required, 

*>By  Gunter's  Scale  thus,  , 

•  Radio?  ••  A  C :  :  S.  BAC-BC.  That  is, 

S  pod. ..  i2i  Leag. :  .*  3.  54d.  30m,  ••  Leag.  98.5  Tenths. 

That  is  to  fay,  the  Extent  from  Sine  9od.  (on  the  Line  of 
Sines)  to  12 1  Leagues,  or  Miles  (on  the  Line  of  Numbers)  will 
reach  from  Sine  54d.  30m.  ( on  the  fame  Sines )  to  Leagues  or 
Miles  98.5  Tenths,  (on  the  Line  of  Numbers)  for  the  Leg  BG 
near  as  above. 

Obferve  the  like  in  all  that  follows,  except  in  thofe  Pro- - 
portions  whereto  is  the  Word  Secant ,  which  is  wrought  on¬ 
ly  by  the  Logarithms. 

The  three  feveral  Proportions  making  each  Side .Radius,  to, 
find  the  Leg  BG,  are  thefe  which  follow. 

C  S  ,  'Radius 


5S  tPlain  ‘IrigonometYy  ReBanguhr  Ch&pTL 

Radius  ..  S.  BAG  I 

Sec.  BAG  ..  T  BAG  >  :  s  Hypotenufe  AC“  Leg  BG. 

Sec.  AGB  Radius  3  n  . 

Likewife  to  find  the  Leg  AB,  they  are  thefe  following. 

Radius  S.  AGB  }  r  a  r  -  1 1  o 

Sec.  BAG  .*  Radius  V  :  :  Hypotenufe  AG  -  Leg  Ad. 

^  ISTirtf  -  When  Radius  is  not  thefirjl  Term  in  the  Proportion,  then 
take  the  Complement-Arithmetical  of  the  Logarithm  of  the  * njt 
Term  *  (which  how  to  find  is  fhew’d  in  Chap,  l.  Proportion  9* 
o  f  the  XJfe  of  the  Table  of  Logarithms ,  Sines %  Tangents  ana  Secants* 
in  Page  ioo.)  this  Comp.  Arith.  or  Co.  Ar.  add  to  theL^r 
of  the  Second  and  Tb/rd  Terms  %  and  from  the  (SbaraBetiftic  ot 
their  Sum  fuhtrafl:  10  or  20,  the  remaining  Figures  is  the  lo¬ 
garithm  of  the  Fourth  Term  fought  5  as  may  be  (een  in  the  tol 
lowing  Proportion  m  problem  II. 

Prob  IL  Gafe  2  and  3.  The  Angles  and  one  Leg  given  5  to  find 
rf0  Hypotenuje,  and  the  other  Leg . 

jB%amp.  In  the  Right- Angle  Triangle  ABC  Plate  2:  Pig.  2, 

^  AGB  3  5d.  30m.  1  •  en  .  S  '  ^required 

The  1  JLfg  B  ,  98  Leagues  f  glVe°  *  1  Lfg  AB  f  4 
This  Triangle  is  made  by  Problem  12,  ot  Geometry ,  . 

Make  the  Hypotenufe  AC  iW/«5,  and  the  Proportion  (by 

Axiom  1  and  JVotf  i.J  is  thus  3 

As  the  of  the  JAgfe  BAG,  is  to  the  Leg  BC  3  fo  is 

diits  to  the  Hypotenufe  AC,  Or  thus9 

BAG  ..  Leg.  BC  :  :  Radius  r  Hypotenule  AG. 

§4d.  30m,  $8  Leg. 


10.000000 
1. 99122 6 
Co.  Ar:  0.089314 


i'2,o8o54o| 


c 


Leap 

* o :* 


Seal6  that  3 


H: 


S  BAG  ..leg  1  Radius "  Hypotenufe  A  C'  That  i&s 
S  54d.?om  .  98  !•<«£•  ::S  9od.  ••  L«»g.  120.4  Tenths. 

That  i*  The  Extent  from  Sine  of  54A  50m.  (on  the  Line 
4  Sines' I  to  98  Z.MS*«  (on  the  Line  of  Numbers)  will  reach, 
from  Sine  5od.  to  £«&  fro*  Tmtbs,  the  required. 


Sed.  IL  cPlain  Trigonometry  ReEtangular*  3g 

The  Three  feveral  Proportions,  making  each  fide  Radius,  to 
find  the  Hypotenufe,  are  thefe  following. 

S,  BAG  ..  Radius  y 

T.  BAG  *•  Sec.  B  A  C>  :  ;  Leg  BG  ..  Hypotenufe  AC. 
Radius  ••  Sec.  AGB  j 

And  to  find  the  Leg  AB>  they  are  thefe  5 

S.  BAG  S,  ACB">  * 

T*  BAG  ••  Radius  C  :  :Leg  BC  Leg  AB* 

Radius  ..  T.AGB  i, 

Mt r, .In  working  by  Gunter,  when  a  Tangent  is  mentioned, 
the  Radius  then  is  the  Tangent  of  4^de  as  in  the  two  lad 
. Proportions  it  is, 

As  T.  BAC..  Radius  : :  Leg  BC..  Leg  A  B.  Which  is 

T.  54*1*  3^^*  •*  ^  *  4 5*1*  *  •  tag, L tag*  69  S  Tenths. 
That  is,  the  Extent  from  54d.  30m.  to  4jd.  (on  the  Line  of 

Tangents)  will  reach  from  98  Leagues,  to  Leagues  69.8  Tenths 
On  the  Line  of  Numbers ,  for  the  Leg  AB. 

As  Radius  ••  T*  AG  B  it  Leg  BC  ..Leg  AB.  Which  is 
T.  45<L  ••  T. 3 5 d. 3001 , ; !  9^  Leag.  ..  Leag.  69,8  Tenths, 

'  That  is,  theExtentfrom  T»4fd.  toT.gjd  30m.  will  reach 
from  98  Leagues,  to  Leag.  69.8  Tenths  as  before, 

Prob.  III.  Cafe  4  and  5.  The  Hypotenufe  and  one  Leg  given  •  t& 

find  the  Angles  and  the  other  Leg . 

'  Examp.  In  the  Right  Angle  Triangle  ABC.  Plate  2.  Fig. 

The  4  HyP-AG  -i«i  |  Leagues  glveruf °r  «AC  > 

1  Leg  AB  69%  -  s  c  l  and  Leg  BC  f  r^‘ 

This  Triangle  is  made  by  Prob,  1  1.  of  Geometry . 

1  To  find  the  Angles, 

If  you  make  the  Hypotenufe  AG  Radius,  the  Propor¬ 
tion  (by  Axiom  1.  and  Note  2,)  is  thus  3 

As  the  Hypotenufe  AC,  is  to  Radius  •  fo  is  the  Leg  ABa 
to  the  Sine  of  the  Angle  AGB.  Or  thus  ; 

Hypot .  AC  Radius  :  :  Leg  AB  ..  S.  ACB. 

lit  Leag.  m  S.  9od. :  •  6 9 Leag. .»  S,»  ^4d.  45m.  Which 
fubtradl  from  — - . *  pod .  00m. 


Remainder  is  Angle  BAG — 5 5 d ,  15m  by  the  9th 
of  SeBion  I,  of  this  Chapter  in  Page  35. 

And  it  the  Leg  AB  is  Radius,  then  the  Proportion  (by 
Jxiom  1,  and  Note  z> )  i$thus* 

C  4  v  •  A® 


^6  cPhin  Trigonometry  Rectangular .  Chap.  II* 
As  the  Leg  AB,  is  to  the  Radius  ;fo  is  theHypotenufe  AC 
to  the  Secant  of  the  Angle  BAG.  Or  thus, 

AB  69 Leag. ..  Radius : :  AC  12 1  Leag.;.  Sec  B AC  5  5^  1 5m. 
Note  *  This  Proportion  is  not  wrought  on  the  punter  be- 
eaiife  of  the  Word  Secant  in  the  4th  Terra  ;  but  being 
wrought  bv  the  Tables  (as  before  dire&ed)  will  produce  the 
Angle  FAC  5  5<h  1 5m9  as  above  ;  which  fubtra&ed  from  pods 
gives  s4d.  45m.  for  the  Angle  ACB  as  before. 

2  The  Leg  BC  may  be  found  by  the  ift  or  2d  Caie  tevt- » 

til  Ways  .•  As  thus. 


Radius 

S.  A  C  B 
Sec  BAG 
Radius 
Sec  ACB 

T.  ACB 


AC: 
AB-' 
AC: 
AB-' 
AC  : 
AB: 


SBC 

S. BAC 

t.bac 

T.  BAG 
Radius 
Radius 


..  BC  Leagues  $9.4  Tenths 


Prob,  I  Vo  Cafe  6  and  7.  The  Legs  given  5  to  find  toe  Angles 

and  Tiypotetwfe. 

Examp.  In  the  Right-  angle  Triangle  AEG  Plate  7.  Tig  4. 
«  aR  08)  ■  A  Angle  BAG  or  ACB? 

The  Leg  ^  gQ  6 .  |>Leag.  given  Hypotenufe  ACS  ' ' 

' 

This  Triangle  is  made  by  Ptob.  1;.  of  Geometry. 

r.  Make  the  Leg  AB  Radius,  and  the  Proportion  (by  Axiom 

A  the  Leg  AB,  is  to  Radius  ;  fo  is  the  Leg  BC,  to  th. 
Tangent  of  the  Angle  BAC.  Or  thus. 

Leg  AB  ..  Leg  BC  : :  Radius  -  T-  BAG, 

98  Leag.  ■  69Leag.::T.45f  ••  T.  9  jd.  opm.  which 
Subtract  from  -  i*~ - —  pod*  oom. 

Oh;  Remainder  is-^4-— ;S4^  5tm.  for  the  An- 
•oJEACB,  by  tbe  9th  t •  this  Chapter,  in  age  5. 

8  lud  if  the  Leg  BC  is  made  Radius,  the  PropMt.on  ,s  thus; 

Leg  BC  .1  teg  AB  :  :  Radius  ..  T.  ACB. 
«5Ee.g...j»»E«g  t:T.«d.  "  T.  J4J.  5im-  as  before; 
Which  being  fubtrafted  from  90,  Raveth  jjd.  09m.  for 
the  Angle  BAC  Either  of  thefe  Proportions  is  Efficient  to 

find  both  ^'st'cnufe  AC  nuy  be  found  by  the  ad  Cafe 

ftveral  Ways.  *,r* 
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Firft,  Making  the  Hypotenufe  AC  Radius  3  thus,  . 

|BAC  ••  ^  ; .  Radius  •-  Hypotenufe  AC. 

Secondly,  making  the  Leg  AB  Radius  3  thus, 

Ta  BAG  BC  V  Sec-  BAC  : :  Hypotenufe  AC 
Thirdly,  making  the  Leg  BC  Radius  3  thus, 

T^ACB  .  Ab}  : :  SeC'  ACB  -  Hypotenufe  AG 

Thefe  6  Proportions,  if  the  Learner  works  them,  he3Il  find 
them  all  to  produce  Leagues  119.8  for  the  Hypotenufe  AC 
Note ;  The  5th  and  7th  Cafes  may  be  performed  by  the 
4*7th  Propofition  of  the  Fit&  Book  of  Euclid's  Element which 
proves  the  Square  of  the  Hypotenufe,  is  equal  to  the  Sum  of 
the  Squares  of  the  two  Legs  ;  Therefore, 

r.  By  Natural  Arithmetick,  Ext  rafting  the  Square  Root  3 
the  Rules  are  thefe, 

Fir  ft,  In  the  5th  Cafe  to  find  a  Leg  3  when  the  Hypotenufe, 
and  one  Leg  is  given.  Thus, 

The  Square  Root  of  the  Difference  of  the  Squares  of  the  Hypotenufe 
ana  one  Leg ,  is  the  other  Leg. 

Secondly,  In  the  7th  Gale  to  find  the  Hypotenufe,  when 

both  the  Legs  are  given  3  thus, 

The  Square  Root  of  the  Sum  of  the  Squares  of  both  Legs ,  is  the 

{Hypotenufe. 

2.  By  Logarithms  in  thefe  two  Rules  following. 

Firfi  Rule.  When  the  Hypotenufe  and  one  Leg  is  given, 
to  find  the  other  Leg,  thus, 

Half  the  Sum  of  the •  Logarithms ,  of  the  Sum  and  Difference  of  the 
Hypotenufe ,  and  given  Legj  is  the  Logarithm  of  the  Leg  required , 
Second  Rule  When  both  Legs  are  given,  to  find  the  Hypo-, 
tenufe,  it  is  thus  3 

From  the  double  Logarithm  of  the  greater  Leg ,  fubtraB  the  Lo¬ 
garithm  of  the  lefjer  Leg  3  the  abfolut eNumber  anfwering  to  it,  add 
to  the  lefjer  Leg  3  half the  Sum  of  the  Logarithms  of  that  Sum ,  and 
lejfcr  Beg,  is  the  Logarithm  of  the  Hypotenufe  required. 


Examp; 


4  %  'Plain  trigonometry  Re  Bangui  an  Chap,  If 

Examp'  i.  Th eHypotcnuje  AC  12 1  Leagues,  and  the  Le** 
AB  69  Leagues  :  What  is  the  Leg  BC  by  the  Square  Root  ?  & 


Hypotenufe  AG— - - — - 121  And  Leg  AB«—~  69 

1 1 1  °  69 

<  m _  m 

111  6,z  1 

4H 


1  j  1  Square  of  AB  is  4761: 

Square  of  AC  is  *—  ■— 14641 
Square  of  AB  is «  — ■  «—. —  4761 


t)\g-  of  the  Square  is — — -  9880(99.39  is  the  Leg  BC 

81  * 


l89)l78(> 

1701 


1983)7900  .;.J 

5949  4 

19869)19510©  ;;,j 

178811 

Remainder  is  *"*****^3****^^  16179 

So  that  the  Leg  BC  is  Leagues  99*39  Farts  of  io©«» 

By  Logarithms  thm9 

The  Hypottnufe  AC  ~  m  Leagues 
The  given  Leg  AB- - - —  69  Leagues 

£>um  of  AC  and  AB  190  its  Logarithm  is  2.1787  54 

Difference  oi  AC  and  AB— —  52  its  Logarithm  is  1.7  16009 
The  Sum  of  the  Logarithm  is  — ■»<. — >»»»» —  3 "99477? 
The  half  Sum  of  thefe  Logarithms  ,■■■  n.  m*m»  ..  1.99737  8 

Whofe  abfolute  Number  is  99.39  3  that  is,  Leagues  99^39 
Farrs  of  100  is  the  Leg  BC,  the  fame  as  before. 

Examp,  2:  The  Leg  AB  is  98  Miles,  and  the  Leg  BC  69 
Miles  givens  What  is  the  ffypotenufe  AC  f  By  the  Square  Root . 

The 


Sea  III. 

Tlain  Trigonometry  Oblique 

45 

The  Leg  AB  r- 

—  69 

V 

98 

69 

/  •  :  ‘  W  ■ 

784 

621 

882 

j 

414 

Square  of  AB  is  *■ 
Squire  of  BC  is  - 

- 9  60 4  Square  of  B  C  is  — — 

—  4761 

47<f« 

Sum  of  the  Square 

is  14365(1 19  8  that  is  1 19  Leagues 

1  *  is  the  Ilypqtenuie  AC* 

2  1 

229(22t>5 
__  206I 
2388(20400 
*9*Q4 

‘Remainder  is —  1296 

1  .  /;  ’vl^v.'V 

I  ■■  ilv  ■■■■If 

A  ~ 

By  Logarithms ^  thus y 

The  greater  Leg  AB  98,  its  Logarithm  is  1.991226 

Multiply  its  Logarithm  by  »  ■—  — 2 

The  Double  Logarithm  of  the  Leg  AB  is——-—  — t— 3.981452 
Thelefter  Leg  BC  69  its  Logarithm  is  ~~ — ■»  1.838849 

Ablolute  Number  129.2  anfwering  the  Logar.*— ■—  2,14360% 
Sum  is  -  20$  2  its  Logarithm  is  — -«•  2,318481 
The  leffer  Leg  BC  69  Mihs>  its  Logarithm  is - -  1.8,  8849 

The  Sum  of  the  two  la  ft  Logarithms  js  . . —  4157330 

The  half  is  the  Logarithm  of  AC  1 19,|  required  2  078665 

3e£lion  III.  Three  other  Axioms ,  uith  the  Six  Cajes  of  Oblique  Flam 

Triangles  thereunto  belonging , 


Axiom  2.  TN  all  Plain  Triangles ,  the  Sides  are  in  fuch  Proper- 
tion  one  to  another,  as  are  the  Sines  of  their  op» 

polite  Angles.  That  is,  # 

1.  As  the  Sine  of  any  one  Angle ,  is  to  its  oppofite  Side$  lo 
the  Sine  of  any  other  Anglei  to  its  oppofite  Side • 

2.  As  a  Sidet  is  to  the  Si«e  of  its  oppoilte  Angle :  fo  is  a  Side^ 

to  the  Sine  of  its  oppofite  Angle . 

Note ;  To  find  a  »&/*,  begin  with  an  Asgh  5  but  to  find  am 
^g/f,  begin  with  a  From 


1 


cPla'm  Trigonometry  Oblique  Chap  II. 

Prom  this  .Axiom  are  drawn  the  Proportions  for  theFirft, 
Second,  and  .Third  Cafes  following. 

Prob,  v  •  Case  I  ■.  Of  Obhqttangies  Tiro  Angles  and  one  Side 
given  5  to  find  either  of  the  other  fides , 

v 

Eiamf.  In  tlie  Oblique  Triangle  BDC-  Plate  i.  Fig.  5. 

r™.  SAirdfelBDC  ,ord  25m  ?  (  CD  7 

^e<>  i^BD44d.  42m.^given:  $ide)and  £req. 
cSide  - — ~  BC  75  Yards  3  ^  BD  S 

This  !  riangle  is  made  by  Prob.  of  Geometry, 

i.  The  Proportion  according  to  the  Second  Axiomfot  finding 

CD,  is  this  ^ 

As  the  Sine  of  the  Angle  BDC,  is  to  the  Side  BC  •  fo  is  the 
_  A  gie  CZ?D,  to  the  required  Side  CD.  Or  thus; 

S.  BDC  ••  Side  B  C  : :  S .  C  B  D  ••  Side  C  D  required. 

S,ioid.25m,  ”  76  Yards:  : S,  44d;  42rn***  Yds.  54.5  Tenths 
S,  j  8cd  com. 


S.  ySd.g^m* 

Note »  The  Sine  of  loid.  25m  is  found  by  (ubtrafiing  it 
from  1  Bod.  according  to  Chapter  1.  Propofition  8.  Of  the  UJes  of 
the  Tables  of  Logarithms,  Sic .  in  Page  500. 

z.  To  find  the  Side  BD,  the  Proportion  is, 

S.  BDC  »  Side  BC::  S.  BCD  ••  Side  B  D. 

S»  ioid.25m.  ..  y6  Yards  • :  S.  53d*  53m.  ••  Yds. 43.3  Tenths 
iSod.  00m. 


3a  78d*  35m. 


Prob.  VI.  Cafe  2  and  3,  Of  Qbliqtt angles . 

Two  Sides ,  and  one  Angle  opfofite  to  one  of  them  given',  to  fnd  the' 
other  oppofete  Angle,  and  the  Third  Side . 

Note  ;  The  given  Angle  Obtufe,  the  Angle  foughfis  Acute. 
But  when  the  given  Angle  is  Acute,  and  oppofite  to  the 
Keller  given  Side,  then  the  required  Angle  is  doubtful  *  whe¬ 
ther  Acute  or  Obtufe,  and  ought  to  be  determined  before  the 
Operation; 

Example,  In  the  Oblique  Triangle  BCD.  Plate  s.  fig.  6. 


BC 


Se<T.  III. 

f  BC  io 6 


Side 


IBD  65 


Vlardi 


Qlain  ^Trigonometry  Oblique. 


given ; 


Angie  BBC  Obtufe  J 
and  r!  e  C 


45 


5*  v.  « 

This  Triangle  is  made  by  Prob  15.  of  Geometry ; 
r.  For  the  Angle  BDC  the  Proportion  is. 

As  the  Side  BD ,  is  to  the  Sine  ot  the  Angle  BCD  :  fo  is  the 
Side  EC,  to  the  Sine  ot  the  required  Angle  BUG.  Or  thus, 
SideBD  S.  BCD  :  .*  Side  BC  'll  S.  BDC 
<5 5  Yards  ••  S.  5  id,  45m.  ,*  :  1  jo  Yards  ..  S  59d.  17m,  which 
Subtract  from——-  1 8od.  00m. 


Remainder  is  the  Angle  BDC — laod.  4;m. 

Note  •  The  Proportion  produceth  5 yd.  17m  for  the  re¬ 
quired  Angle:  But  being  it’s  Obtufe,  you  mu  ft  take  its 
Supplement  to  i8od- viz.  iiod.  43m.  as  above.  > 

2,  Find  the  Th  rdAngle  by  the  9th  of  Sedan  r.  of  this  Chap, 
ter,  in  Page  35.  then  you  may  find  CD  by  the  Fir  ft  Cafe. 

This  CaJe  hath  been  omitted  by  moll,  the  Reafonfl  fup- 
pofe)  is  the  doubtfulnefs  of  the  required  Angle  5  but  if  de¬ 
termined  (before)  t<>  be  either  Acute  or  Obtufe,  the  Third  Side 
is  limitted,  and  then  may  be  a  Cafe  as  well  as  any  other.  And 
the  Proportion  may  be 

S.  B  C  D  ..  Side  BD  .•  .*  S.  C  B  D  ..  Side  CD. 


Sa  3  id.  49m.  ..  65  Yards  :  :  S.  2 yd.  28m.  ••  Yds.  56.8  Tenths. 

O, 

S.  BDC  ...  Side  BC;  :S.CBD  ..  Side  CD, 

S.  iaod.  43m.  ..  iotfYd§. :  .*  S.  2yd,  28m.  •  .  Yds  56.8  Tenths, 
as  before- 

Axiom  3.  IN  all  Plain  Triangles;  As  the  Sum  of  Two  Sides, 
is  to  their  Difference  3  fo  is  the  Tangent  of  the 
Half-Sum  of  their  two  oppofite  Angles,  to  theTangent  of  the 
half  Differe  nee  ot  the  two  unknown  Angles. 

Add  the  half  Difference  of  the  Angles  to  their  half  Sum, 
finds  the  greatelt  Angle  5  and  fubrraiB  the  half  Difference  from 
the  half  Sum.  finds  the  leffer  Angle. 

Prob,  VII.  Cafe  4  and  5.  Two  Sides,  and  their  contained  Angle 
given  •  to  find  either  of  the  other  singles  t  and  the  third  Side* 
Examp.  In  the  Oblique  Triangle  BCD.  Plate  2.  Fig.  7 . 


Side 


j  BC  109 


USD  16 


f  Leag  l 


BDC  or 
BCD  an^ 

Angle  CBD  toid- 30m.  )  ^  £  Side  CD  5 

This  Triangle  is  made  by  Prob *  itf,  of  Geometry. 


>  given  ? 


4  1  f  c>uu  or  > 

Angle ^  RrDand(,requf. 


4*5  Plain  Trigonometry  Oblique.  Chap.  II, 

i.  For  the  Angles  BCD,  and  BDC,  the  Operation  is 

The  three  Angles 


„  i8od.  oom. 

Subtract  the  given  Angle  CBD  10  id.  30m . 


The  2  oppofite^^Vj^  ^um  *s 

3  i  i5>nm  is  "nrl, 


$om. 


“  I  b!°’ 

Sum  ot  Sides  1 8  5 

Their  Differ.  33  0  I  fSum  is  gpd*  15m 

Then,  As  the  to  of  the  Sides  BC  and  BD,  is  to  their  Dif¬ 
ference  3  fo  is  rhe  Tangent  of  half  the  to  of  the  Angles  BCD  and 
BDC,  to  the  of  half  their  Difference.  Or  thus, 

BD  Diff.ECmD:  :  T.f’Sum  Angles  ..  T.  §  Biflf. 
185  Leagues  ..  33  Leagues  :  :  T.  3pd.  15m...  T.  8d  17111, 
The  half  Did:,  oi  the  Angles  —  8d.  17m. 

Added  is  the  greater  Angle- - ”47 d.  32m.  r>D C  7 

Subtracted  is  the  leffer  Angle  — -  3ud,  58m.  BCD  yre(l 
2  The  Proportion  for  the  Side  CD  (by  the  Ftrfl  Cafe  of  G&» 
Fque  Triangles )  may  be  this  : 

S.  BCD  ..  SideBD  t:S.CBD  ..  Side  C  D. 

S.  $od»  58m.  ••  7<^Leag. : :  S.  idid.3011). «.  Leag.  144.5  tenths 

Axiom.  4,  p  Rom  the  Half  Sum  of  the  three  Sides,  fjibtraff:  each 
Side  {but  fsrft  that  Side  oppofite  to  the  Angle  re¬ 
quired,  then  tne  reftj  feverally,  noting  their  Remainders ,  Then, 
As  the  ProduB  of  the  Half  Sum  of  the  Sides,  and  Frifl  Remaind¬ 
er,  is  to  the  ProduB  of  the  other  Two  Remainders  3  fo  is  the 
Square  of  Radius  to  the  Square  of  the  Tangent  of  halt  the  Angle 
oppofite  to  that  Firft  Remainder „ 

Probe  8,  Cafe  6 .  Three  Sides  given  3  to  find  an  Angle, 

Example •  In  the  Triangle  BCD.  Plate  2.  Fig .  8. 

j  BC  105  ?  f  BDC 


The  Side  l  BD  8 5  5>  Feet  given  :  Angle  <  BCD 
* CD  50 S  '  (CBD 

This  Triangle  is  made  by  Proh.  17.  of  Geometry, 


req- 


f  BC 

105 

Side  <  B  D 

85 

l  CD 

50 

Sum  of  Sides 

240 

4  their  um 

I  20 

From  |  Sum 

/  70 

Suht,each  fide  j 

there  remains , 

y 

i«5 

The  half  Sum  Leag.  120 <cq.  ar%  7.920819 
The  Firft  Remainder —70.  co>  ar.  8",  1 54902 

The  other  a  RmamJ  5  5Logar.  ..544068 

1 15  Logar.  1,176091 

—  ■■■■"■  1  i.mk 

Sum  18.795880 
Tangent  14$.  oam.^-i  Sum  9.397940 
Doubled  14^.  02m- 

Produceth  2$d»  04m,  for  CBD  req. 

Thif 


Se<5t  III.  Plain  Trigonometry  Obliqu 

This  Mom  finds  an  Angle  at  one  Operation,  yet  not  being 
applicable  to  the  Inltrumental  way  of  working  Proportions* 
you  have  this  fourth  Axiom  in  other  Terms  5  which  finds  an 
Angle  at  two  Proportions,  and  may  be  wrought  both  I  nil  ru¬ 
in  ental  and  Logarithmetical. 

Axiom  4.  Ufeful,  when  three  Sides  of  a  Triangle  are  given  - 
to  find  an  Angle.  3 

As  the  Longeft  Side,  is  to  the  Sum  of  the  two  fhorteft  »  fo 
is  the  Difference  of  the  two  Shorteft,  to  the  Difference  of  the 
Segment  of  the  Bafe  or  Longeft  Side. 

Note  $  Let  fall  a  Perpendicular  (from  the  Angle  oppofite,)  to 
the  Longefl  Side ,  which  divideth  it  into  two  Segments  3  and  the 
Oblique-Triangle  into  two  Right-  Angle-Tr tangles. 

As  in  the  aforefaid  Triangle  BCD.  Plate  2.  Fig.  8. 

Let  fall  the  Perpendicular  DA,  which  makes  the  Segments  of 
the  Safe  to  be  BA,  and  AQ,  and  the  two  Right-Anglcjriangles 
BAD,  and  CAD,  and  the  Difference  of  the  Segments  BE. 

To  find  BC  the  Difference  of  the  Segments  of  the  Bafe« 

CBD— - -  85  Feet 

£  CD-— — —  50  Feet 


Shorteft  Sides* 


Added,  is  the  Sum  of  the  two  Shorteft  Sides—  155 
Subtracted  is  their  Difference 


Feet 


35  Feet 


Then  as  the  Side  BC,  is  to  the  Sum  of  BD  and  CD  •  fo  is 
the  Difference  of  BD  and  CD,  to  BE  the  Difference  of  the 
Segment  BA  and  AC,  Or  thus, 

BC  .  SumBDSiCD :  :  Diff  BD&CD ..  BE  the  Dijf  ofSeg; 
105  Feet ..  135  ::  55  Feet  ..  45  Feet*  „ 

The  Side  BC  105  Feet, 

Diff  Segment  BE  4  5  Feet 

Added  is——  1 50 j  f  75  BA  the  greaterl  Seg» 

Subtracted  is  — -  *ofthe  halfIs?  30  AC  the  letter  S  ment. 

z*  The  AnglesBCD  or  CBD,  may  be  found  by  the  4th  Cafe 
of  Right. angle  Triangles  •  Thus, 

Hypot •  BD ..  Radius  : :  Leg  AB  ..  S.  ADB. 

85  Feet  ..  S  9od. : :  75  Feet  ..  S«  6 id.  54m* 

Which  fubtra&ed  from  — — —  90c!.  00m. 

Remainder  is  the  Angle  CBD  — a8d.  06m.  as  before* 

Thus  much  for  Plain  Triangles ;  and  to  compleat  Trigwonu* 
try%  Spherical  fhould  be  next.  But  I  count  the  Application 
of  this  before  the  Doftrine  of  that,  moft  conducible  to 

the 


r 


'Julian  Kalendar ,  Chap.  I  XL 

the  Learners  Proficient  :  Therefore  will  defcend  to  the  neceffa- 
ry  Ufes  ot  Plain  Trigonometry  in  Plain  and  Mercator's  Sailing, 
which  will  make  way  for  Spherical  Trigonometry . 


CHAP.  III.  '•Plain  Trigonometry  applied  in  cPro~ 
Hems  of  Sailing  by  the  Plain  Sea-Chart,  commonly 
called  Plain-Sailing. 

AND  that  nothing  may  be  wanting  to  the  Accompli/h- 
ment  of  Navigation ,  I  will  begin  with  the  Julian  Kalendar , 
and  then  the  Ufe  of  the  Plain-Chart,  before  I  apply  Plain- 
Trigonometry  to  Plain  Sailing* 

ScfHon  I.  The  common  Notes  of  the  Julian  Kalendar  ;  to  find  the 
Prime,  Epa£f,  Dominical  Letters  Eafter  Day,  the  Moon5s 
Age,  Southing,  and  time  of  High-water. 

Prob.  I.  To  find  the  Golden  Number  3  Cycle  of  the  Suny  and  Ro 
a  man  IndiHion. 

Definitions*  i.  THE  Golden  Number  or  Frimey  is  a  Circular 
**  Revolution  of  1 9  Years  3  in  which  Space 
of  time  fit  has  been  fuppofed)  the  Sun  and  Moon  finifh  all 

their  Variety  of  Afpe&s,  . 

t .  The  Cycle*  or  Cireleof  the  Sun ,  maketh  its  Revolution  in 

a8  Years  5  in  which  time  all  the  Variety  of  Dominical  Lettersy 
and  Leap-Years  expire,  and  the  29th  Year  the  Circle  begins  a- 
gain  5  which  Number  ferves  to  find  the  Dominical  Letter  for 
any  Year,  paid,  prefent,  or  to  come. 

3.  Roman  Inditfion  confifteth  of  15  Years :  for  once  in  1 5  Years 
the  Nations  were  to  pay  Tribute  to  the  Romans  5  a  thing  now 
out  of  Ufe  with  us» 

The  Pule  out  of  Mr  t  Street’s  Memorial  Verfa  on  the  Ecclefiaftical  and 

Civil  Kalendar • 

When  i,  9,  3,  to  ths  Year  hath  added  been  3 
Divide  by  19,  28,  1 5. 

Examp,  I  would  know  the  Golden  Numhsr}  Cycle  of  the  Sun 
and  Roman  Indiftion  for  the  Year  17  32® 


Julian  Kcdendar . 


J  .  s- 

?  ,  The  Operation, . 

The  Year  — *  j  7  5  2. — »>  — « —  1722 
add- - - - -  o 


Sam  is  1733  --  u  ^ 
15))—  (pi  28J) 


3 


I741  - 

~ - (61 


n  n 


6 1 


(+/ 


C°  5.) 


—  175  5 

15J - ("iij 

2  1 


85 


lo 


For  the  Year  1732 


Golden  Number 
Cycle  of  the  Sun 
Roman  Indi&ioii 


Ffoba  II.  To  find  the  EpaB  jor  any  Tear, 

I  .  f 

Definition.  The  Epa£l  is  \i  Days,  the  Year  of  the  "Moon 
acketh  of  the  Sun  s  Year:  The  Lunar  being  354  Days,  and 
the  Solar-Year  3  (>5  Days,  J 

Note  5  Tfife  Epadi  never  exceedeth  29,  and  alters  every  Year 
II,  and  is  ufed  to  find  the  Moons  Age  and  Eafter  Day. 

Alfo,  Note ,  The  Prime  changeth  the  Firfit  of  January,  but 
:he  EpaB  the  Fir  ft  of  March.  The  Rule  is, 
l»  Find  the  Golden  Number  by  Prob  i„ 

2.  Divide  the  Golden  Number  by  3,  and  note  the  Remainder.1 

3.  Multiply  the  Remainder  by  jo,  and  note  the  Produ£f. 
To  that  Product  add  the  Golden  Number  %  the  Sum  (if  it 

'xceeds  not  30)  is  the  Epadf  3  but  if  it  doth,  fubtrad:  26 
hetefrom,  and  the  Remainder  is  the  Epaft. 

EAamfi.  For  the  Jear  1732  :  I  demand  the  Epaft  ? 

To  the  Year  1 732  add  i,  and  the  Sum  is  1733,  which  di- 
tide  by  19  and  the  Quotient  is  91,  and  the  Remainder  is  4  3 

o  that  the  Golden  Number  is  4,  which  divide  by  3,  thd 
Quotient  is  1 1 

knd  the  Remainder  is  .  . . . . . 

Multiply  by  — - . - - IO 

7he  Frodu£l  is  - — — ff0 

4 


?o  it  add  the  Golden  Number 
t  he  Stim  is  the  Epa<5l 


*»» 


1 4  Tor  the  Year  1732.' 

Prob; 


5o 
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Frol>  III.  To  know  if  it  be  Bifjextile  or  Leap-Year, 

Definition.  Leap-year  every  Fourth  Year,  and  io  called  from 
it’s  Leaping  a  Day  more  that  Year  than  in  a  common  Year  3 
for  in  the  common  Year  any  fixed  Day  of  a  Month  changeth 
fuccefiively  the  Day  of  the  Week  3  but  in  the  Leap-Year,  it 
Skips  or  Leaps  over  one  Day, 

Not*,  The  Common  Year  hath  36 5  Days  in  it,  but  Leap-Year 
and  then  February  hath  29  Days,  which  in  Common  Years 

hath  but  28  Days,  , 

The  Rule.  Divide  the  Year  by  4,  what  s  left  fhau  be, 

For  Leap-Year  0,  for  pad  t,  2,  or  5* 

Example.  The  Year  1732  5  what  is  it,  a  Common-Year,  or 

Leap-Year ?  , 

4)1732(433  Quotient,  and  Remainder  is  o  3  fo  that  the 

(o  Year  1732  is  Leap-Year , 

Prob.  IV.  To  find  the  Dominical  Letter  for  any  Year, 

Defininition  t.  The  Week  Da}  3  in  Kalendars  of  Almanack} 
are  expreffed  by  fche  firft  feven  Letters  of  the  Alphabet,  and 
one  of  them  is  a  Dominical  Letter.  ^ 

2.  Dominical  Letter ,  or  Lord's  Day  Letter ,  is  that  which 

Hands  for  it,  commonly  called  Sunday , 

The  Rule.  Divide  the  Year,  it's  4th,  and  4,  by  7  3  ^ 

What’s  left,  fubtracf,  from  7  3  the  Letter  s  given* 
Note  J.  When  it’s  Leap  Year  there  ate  two  Dominical- Letters 3 
one  ferves  to  the  25th  of  February,  the  other  from  thence  to 
Ithe  Years  end, 

si  The  Dominical- Letter  goeth  backward  in  ^Common-Year 
one  Letter,  but  in  Leap-Year  two  Letters. 

3.  The  Leap-Year  having  two  Domini  cal- Letters,  Its  the  lat¬ 
ter  of  them  that  this  Rule  finds. 

Examp •  For  the  Year  1732  :  I  demand  the  Dominical- Let  ter 


The  Operation. 

The  given  Year  (by  Prob ,  3.)  is  a  Leap  Year 


it’s  4  Part  is 
To  it  add 


The  Sum  is 


MiiaeQ  SICTBWM^  •***  &  I  69 

Se£l.  £■ 


Se£t,  I. 
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7)2  i6$( 309  Quotient,  and  Remainder  is  6  5  which 
-  ( 6  fubtraft  from  7,  refts  1  for  the  Dominica! 
Letter  3  that  is,  A  5  but  the  Year  1732 
being  Leap-Year  hath  two  Dominical 
Letters  which  are  BA. 

F  rob,  V.  By  the  19  F pa  oh  \  to  find  ii  after-  Limit  from  the  begin- 
/  ning  of  March  intlujively . 


Definitions  1.  Eafier-Lim't  is  the  14th  Day  of  the  Pafthal 
Neiv-Moon  ;  or  the  Mew*Moon  neareR  the  Vernal  Equinox)  attest 
the  Fir  if  of  March. 

2.  The  FmW  Equinox,  is  fuppofed  to  be  fixed  to  the  sift 
<of  March- 


3.  E after-  Day,  is  the  Sunday  after  the  14th  Day  of  the’ 
Fafchal-NewMoon  •  and  is  never  before  the  2  ad  Day  of  March, 
hor  after  the  2  5th  Day  of  April. 

The  Rule  1 .  Find  the  Epa£l  by  P/ob.  2, 

2.  The  Epa&s  take  froth  47 but  2  : 

The  greatefl  take  from  7  7  y  ’twill  do. 

Example.  I  demand  Patter-Limit  for  the  Year  1 732; 


The  Operation , 


-  The  Epaa  for  the  Year  1732  (by  Prob.  2.)  is 
Which  fubtraf!  from  . - „ » — _ 


•■HWIIj  HU  Util  lllWf 

Remainder  is  Eafter- Limit  from  the  iR  of  March  3  3  Days 
hat  is,  the  12  th  Day  of  April  for  the  Year  1732*  1 


Prob.  VI.  To  find  EaRer-Day/ar  any  Year. 

Definition.  Eafter -Day,  is  next  Sunday  after  E  after- Limit  f  of 
he  14th  Day  of  the  Pafcbal  Neve-Moon . 

Note  5  Eafter  Day  is  not  lefs  than  22  Days,  nor  more  thafc 
6  Days  from  the  FirR  of  Ma  rch. 

The  Rule ,  t.  Find  the  Dominica!- Letter  by  Prob.  4. 
a.  And  EaQer-Umit  by  the  laR  Problem, 

3  The  Letter  more  by  4  from  Limit  take  ; 

What’s  left  from  neareR  7s  fhall  Patter  make, 


Jufian  Kalendar  Chap,  iH. 

Examf  For  the  tear  iftn  I  demand  Eajler  Day. 

The  Operation. 

Dominical  Letter  (by  Frob.  4 )  is  BA  or  ■  -  "  '  "  * 

To  it  add  - —  - - 


oj 
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The  Sum  is  ,  .  ,  ,  v  ,  \ 

Which  fubtraa  from  Eajler  (found  by  Prok^.) 

Remainder  is 

Which  fubtraSI  from  neareft  7s 

WhiXadded  to  Ealhr  Limit,  is  Eajier  Day 

That  is  40  Days  from  the  Firft  of  March,  wh.ch  makes  the 

9th  of  April  Eafter  Day ,  for  the  Year  1732. 

prob,  VII*  To  find  the  Moon’s  Age. 

•Definition.  The  Moon’s  Age  is  ho  w  many  Days  are  paftfince 
the  Day  other  Change,  wh.ch  Age  never  exceeds  50 Days. 

i,  nf  the  Month  *  the  Sum  if  it  exceeds  not  30,  is  her  Age  3 
b"  1:  dofvub,»a  50  f.  of, .. «...  .!>■ Rema,n* 

!,<  t  1S  ^v^?Thir  Numbers  ot  tbe  Monibssre  tbefe, 

January,  February ,  March ,  April ,  May , 

2»  lji  2  j  5*  4*» 

°AU”tdti  September,  Ottober,  November ,  December, 

J  K  8  8,  10,  I°» 

Examp.  The  aoth  ot  May  1732.  I  demand  the  Moon’s  Age? 

1  Tfc<?  Operation. 

The  Epafl  (bv  Pro!-  a.)  for  the  Year  1 73a  is  -U 

Toit  add  the  Day  of  the  Month  - - -  zo 

And  the  Month  Mays,  Number  is- - - “  > 

The  Sum  is 

Which  beitig  more  than  30  by 
| «  the  Moon’s  Age  required.  ,  . 

Frob.  VIII.  To  find  the  Moon  s  Southing* 

Definition.  The  Moons  Southing  is  the  time  of  her  comrngo, 
hr  unon  the  Meridian  ;  which  from  the  New  Moon  to  her  ft//, 
is  after  Noon,  but  trom  the  fall  to  thuChange,  is  before  Noon- 
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The  Rule.  1,  Find  the  Moon’s  Age  by  the  laft  Problem . 

2.  Multiply  her  Age  by  4,  and  divide  the  Product  by  5 ;  the 
Quotient  is  Hours,  and  the  Remainder  is  To  many  times  fz 
Minutes  of  an  Hour,  and  both  is  her  Southing. 

Example.  The  20th  of  May,  17325  I  demand  the  Moon’s 


Southing  ? 


The  Operation* 
The  Moon’s  Age  (by  Prob.  7.) is  — 
Multiply  by 


7  Days 
4 


The  Product  is - . — «*  * - - — . *28 

That  divided  by  5,  the  Quotient  is  5  Hoars,  and  the 
Remainder  is  5,  which  makes  2  6  Minutes;  fo  that  the  Moon’s 
Southingis  5  Hours,  3 6  Minutes  Afternoon. 


Prob,  IX.  To  find  the  Time  of  Full  Sea,  or  High  water  at  any  Plan 

The  Rale  f.  Find  the  Moon’s  Southing  by  the  laft  Problem. 

2.  To  the  Southing,  add  the  Point  of  the  Compafs  making 
Full  Sea,  (on  the  Full  and  Change  Day )  for  the  Place  propo- 
fed  ;  the  Sum  is  the  Time  of  Full  Sea, or  High-water. 

Note  5  The  Point  of  the  Compafs  making  Full  fea  on  the 
Full  and  Change  Day,  may  be  found  in  the  Tide-Table  [n  the 
Mariner  s  Kahndar. 

Examp.  The  20th  of  'May  1732  5  I  demand  the  timeofHigfr- 
water  at  London  ? 

The  Operation.  The  Moon’s  Southing  (by  Prob.  8.)  tor  the 

20th  of  May,  1732.  is  — — — - — .5I1.  360V  Afternoon 

To  it  add  London  S  W.and  NE.  — — — «■  3I1.  00m. 

The  Sum  is  time  of  High-water  Sh  36m.  Afternoon 


Sect.  II.  The  Ufe  of  the  Plain-Chart,  or  Plot. 

TT*s  requiflte  to  underftand  the  Plain  Chan  before  the  Cafes 
**•  of  Plain  Sailing  5  for  that  contributes  much  to  the  under- 
Handing  this  ;  And  for  the  better  undemanding  of  it,  mind 
thefe  following. 

Definition  1.  The  Plain  Chart  fuppofeth  the  Earth  and 
Sea  to  make  one  Flat  Superficies,  or  Long  fquare  3  in  which  the 
Meridians  arc  Parallel,  and  the  Degrees  ot  Latitude  and  Lon- 

D  3  gitudf 

*  ■-•V  •  ■ 

>  v  ‘-  '4  '  .  '  /  1  1 
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gitude,  Equal  in  all  Places  5  which  is  only  true  in  the  E- 

J  ^  The  Equator,  is  a  Line  drawn  Eaft  and  Weft,  and  is 
90  degrees  diftant  from  each  Pole  :  From  it  Latitude  begin- 

nethAtidin  it  Longitude  is  counted.  , 

„  The  Poles  are  two  oppofite  Points,  orsecaLeo  thelSiortn 
Pole  the  other  the  South  Pole;  and  lie  North  and  South  from 
each'other  ;  at  them  is  the  gteateft  Latitude  yo  Degrees. 

4  The  Meridians,  are  Lines  (in  this  Chart!  parallel  to  each 
other,  and  perpendicular  to  the  Equittoaial,  and  lie  North 
and  South  ;  on  which  are  counted  the  Degrees  or  Latitude. 

‘  5.  Parallels  of  Latitude,  are  Lines  parallel  to  the  Equator, 

and  lie  Eaft  and  Weft.  11  i  tr 

6.  Latitude,  is  the  Breadth  or  Dtftance  of  any  Parallel  of  La¬ 
titude  from  the  Equator;  from  whence  it  s  counted  both 
Wavs  to  each  Pole,  ending  in  90  Degrees,  the  greateftLatitude. 

North-Latitude,  is  on  that  fide  of  the  Equator  towards 
the  North  Pole  ;  and  South  Latitude  towards  the  South  Pole- 
8  Difference  of  Latitude,  is  the  Breadth,  or  neareft  Diftance 
of  any  two  Parallels  of  Latitude  ;  and  fheweth  how  tar  one 
Place  lies  to  the  Northward  or  Southward  oi  the  other  3  *t 

never  exceedeth  180  Degrees  '  «  ,,  * 

'  9.  Longitude  (in  the  Plain-Chart )  is  reckoned  on  any  Parallel 
of  Latitude,  and  encreafing  to  the  Eaftward  till  ttendin  360 

Degrees,  the  greateft  Longitude-  f 

to  Difference  of  Longitude,  Meridional  Dtftance,  Departure  from 
the  Meridian,  fignifie  C»  *  Plain  Char,)  one  and  the  fame 
thing,  and  is  the  neareft  Diftance  of  any  two  Meridians  ;  it 
fheweth  how  far'  one  Piace  is  to  the  Eaftward  or  Weft  ward 

of  another, 

$  he  Ufe  of  the  CP  hit  r, -Chari* 

Problem  1.  To  find  the  Latitude  of  any  Plate  tn  the  Chart. 
R„/e  1  Take  the  neareft  Diftance  of  the  Place  to  any 

Parallel,  or  Eaft  and  Weft  Line.  ,  . 

„  Lay  the  Diftance  on  the  graduated  Meridian,  letting 

one  Foot  of  the  Compaffes  in  the  Paid  VM  - '»™g 
the  other  Foot  the  fame  way,  the  proposed  xuct  Leth  **ot 
it :  theJaft  llieweth  the  Latitude  required- 

f  i  ■  *1  '  * 
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Example.  What  Latitude  doth  the  Lizard  in  England  lie  in  2 

1.  Take  the  neareft  Diftance  from  the  Lizard  to  any  ParaL 
lei  or  Eaft  and  Weft  Line. 

2.  Lay  that  Diftance  (on  the  Graduated  Meridian)from  the 
Laid  Parallel,  and  the  moveable  Foot  fheweth  50  Degrees  the 
Latitude  of  the  Lizard  *  and  it  is  North  Latitude,  becaufe 
Northward  of  the  Equator  ;  Do  fo  for  any  other  Places 

Prob,  2.  To  find  the  Courfe  or  Bearing  of  one  Place  from  another . 

The  Rule  is  thus, 

1  Lay  a  Ruler  on  the  two  Places  given  and  take  the  near¬ 
eft  Diftance  from  the  Center  of  any  Compafs  to  the  Ruler’s 
Edge. 

2.  blide  the  Compaftes,  (being  at  that  Diftance)  with  one 
Footclofe  to  the  Ruler,  and  the  other  Foot  Perpendicular  to 
it  5  in  fo  doing  the  Perpendicular  Foot  Points  out  (among  the 
Rumb  lines)  the  Courfe  or  Bearing  of  the  propofed  Places, 
from  one  another. 

Example,  I  demand  the  Courfe  from  the  Lizard  In  England , 
to  the  I  Hand  Berhadoes . 

1.  Laying  a  Ruler’s  Edge  on  the  Lizard  and  Berhadoes ,  take 
the  neareft  Diftance  from  the  Center  of  a  Compafs  to  the  edge 
of  the  Ruler. 

2.  Slide  the  Compaftes  along  by  the  Ruler,  keeping  one 
Foot  perpendicular  to  it,  and  it  fheweth  among  the  Rumbs 
the  Courfe  to  be  S  W.  f  W.  neareft,  from  the  Lizard  to  the 
Ifland  Berhadoes ,  the  oppofite  point  (viz.)  N.  E.  §  E.  is  the 
Courfe  from  Ifland  Berhadoes  to  the  Lizard . 

Prob.  3,  To  find  the  D fiance  of  one  Place  from  another . 

The  Rule.  Extend  the  Compaftes  from  one  Place  to  another; 
Meafure  that  Diftance  on  a  Scale  of  Leagues,  or  on  the 
Graduated  Meridian  3  the  firft  fheweth  the  Diftance  in 
Leagues  $  the  latter  in  Degrees,  This  is  fo  eafv,  it  needs  no 
Example. 

Problem  1.  To  find  the  'Meridional  T)iflancex  or  Departure  between 
any  two  Places  in  the  Chart. 

The  Rule .  4.  Take  the  neareft  Diftance  from  one  of  the  <*?- 
ven  Places,  to  any  Meridian. 

D  4  *,  The 
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2,  The  Compaftes  being  kept  at  that  Didance,  move  them 
Perpendicular )  along  that  Meridian,  till  you  bring  both  Feet 
of  the  Compaftes  into  the  Parallel  ot  the  other  Place,  there 
{lay  the  Compaftes.  ‘ 

gUThe  Diftance  from  the  Perpendicular  Foot  to  the  other 
propofed  Place,  being  meafured  on  the  Graduated  Meridian, 
or  on  the  Scale  of  Leagues  giveth  the  Meridional  Diftance  required. 

*  Examp.  I  demand  the  Meridional  Didance  between  the  Li* 
%ard  and  Cape  Finiftefre  ? 

1 .  Take  the  neared  Didance  from  the  Lizard  to  a  Meridian, 
and  Hide  the  Compaftes  with  one  Foot  on  it,  and  the  other 
Perpendicular,  till  both  Feet  come  to  the  parallel  of  Cape 

Fmtfterre.-  a  ro  ■■ 1  - 

z ,  Then  the  Didance  from  the  Perpendicular  Foot,  to  Cafe 
Fwfttrre,  being  meafured  on  the  Meridian,  is  3  Degrees,  18 
Minutes,  or  66  Leagues  is  the  Meridional  Diftance,  and  fhew- 
eth  Cape  Fintfterre  is  66  Leagues  to  the  Weftward  of  the  Meri¬ 
dian  of  the  Lizard. 

y,  '  **  1 

Ptob*  5,  The  Latitude  a  Ship  is  in*  and  her  Meridional  Diftance 
given  3  to  find  in  the  Chart  where  the  Ship  is. 

The  Rule.  1.  Lay  oft  the  Meridional  Diftance  (according  to 
its  Nature,  whether  to  the  Eaftward  or  Weftward )  from  the 
Place  it’s  counted  from  3  and  then  the  neareft  Diftance,  from 
that  to  any  Meridian,  muft  be  kept  in  one  Pair  of  Compaftes; 

2.  With  another  Pair  of  Compaftes,  take  the  neareft  Diftance 
of  the  Latitude  from  any  Parallel,  or  Eaft  and  Weft  Line. 

3  Then  move  both  Pair  of  Compaftes  perpendicular,  one  on 
the  Meridian,  the  other  on  the  Parallel,  ’till  both  Perpendicu¬ 
lar-Feet  meet,  and  there  is  the  Place  in  the  Chart  representing 
dje  Place  required. 

Seel.  III.  Plain  Trigonometry  applied  in  Plain-Sailing* 

.  ,  •  {  *  .  ■  “<  ,  f  v‘  I  v  ,  ,  *■  . 

Defini-  y,  AfAvigation,  is  the  guiding  or  direfling  a  Ship 
rims.  (thro* the  Ocean)  from  one  Place  to  another 3 

it’s  divided  into  two  Generals;  Domeftick  and  Remote.* 
a*  Domeftick  dr  Home  Navigation,  is  Coafting  or  Sailing 
along  fhore  3  in  which  the  Mariners  Compafs}  and  Leadt  are 
chief  Tnftruoients.  ‘  4  1  * 

Cm  %  i  ■.  i  •  v  *  Rqmo^e 
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3-  Remote  (which  more  properly  bears  the  Name  of  Navi¬ 
gation)  is  the  Condu&ing  a  Ship  to  any  Port,  and  the  finding 
what  Latitude  and  Longitude  fhe  is  in  at  any  time  ;  in  the 
Praake  of  which,  the  Mariner*  have  thefe  helps  the  Compafs, 
the  Log>  and  the  Latitude . 

4.  1  he  Compafs  L  a  Circle  divided  into  4  Quadrants,, 
Quarters,  or  principal  Points  5  Ea ft,  Weft,  North  and  South'; 
each  Quarter  into  8  equal  Parts?  being  in  all  32  Rumbs  or 
Points,  as  in  Figure  16.  of  Plate  2 .  So  that  fleering  by  the 
Compafs  (well  made  and  duly  re6fified)  is  known  how*  of 
which  way  the  Ship  fails  to  a  fmall  matter. 

Tbe  Cog  “  Cine  (truly  marked,  or  fome  other  good  way) 
is  the  Inftrument  whereby  the  Mariners  meafure  the  Ships  Di- 
itance  failed,  in  Minutes f  Milesi  or  Leagues,  every  Hour,  Watch 
or  Day. 

Note ,  Each  Knot  in  the  Log-line  ought  to  be  50  Feet  from 
each  other,  and  not  42  Feet  or  7  Fathom;  an  Error  too  fre¬ 
quent  among  the  Engltjh  Navigators ,and  long  fince  refuted  by 
Mr.  Norwood  in  his  Seaman's  PraBice. 

Alfo  the  ^  Minute  Glafs ,  ufed  with  the  Log-Line*  ought  to  be 
truly  30  Seconds  of  Time,  and  not  25  or  26  Seconds,  as  too 
many  which  are  fo  called. 

"(•  The  Third  Help,  is  the  Knowledge  of  the  Latitude,  from 
whence  he  fails,  to  which  he  is  bound,  and  where  the  Ship 
is  at  any  Time  ;  this  is  attained  by  Cceleflial  Ohfervat’wn  (at  Sea 
with  a  Quadrant  or  Toreflaff)  taking  the  Sun  or  Star’s  Meridi¬ 
onal  Altitude. 

Now  by  any  two  of  thefe  Three  Things  exa&ly  known,  the 
Navigator  comes  to  know  at  any  time,  where  he  is,  how  far  he 
hath  Run,  and  how  tar  he  is  yet  to  Run ,  which  way,  or  upon 
what  Point  of  the  Compafs  he  is  to  Steer  5  and  all  this  by  Tri¬ 
gonometry,  in  the  three  Kinds^  viz* 

Plain- Sailing*  Wright's- Sailing,  and  Circle-Sailing  •  as  fhall  be 
fhewed  in  order  :  And  firft  of  Plain  Sailing,  in  which  take 
thefe  Five  General  Rule s  following. 

Rule  1.  That  20  Leagues  being  equal  to  60  Miles  or  ML 
nutes,  is  alfo  equal  to  one  Degree  of  Latitude. 

>  But  Note,  One  of  thefe  Miles  or  Minutes  containeth  6000 
Feet,  and  is  greater  than  a  Statute  or  common  Mile,  which  is 
but  5000  Feet  5  of  which  about  6<)\  Miles  makes  a  Degree  ; 
whereas  in  the  Practice  of  Navigation,  60  are  counted  to  a  De¬ 
gree  on  the  Meridian^  or  any  great  Circle* 
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z.  General  Rule,  To  find  the  Difference  of  Latitude,  when 
the  Latitudes  of  ’two  Places  are  given. 

The  Lati-v  j  both 
tudes  I  one 
the  Difference  of  Latitude,  -  ■* 

3,  General  Rule .  To  find  the  Latitude  the  Ship  is  in,  when 
the  Latitude  failed  frotm  and  the  Difference  of  Latitude  is 
given  * 


v  j|,  ImvC  ^  t  v  £  1 9 

N onbi  fr  b?th  Grnhi  fubtraa£  finds 
l  theother  f  l  add  \ 


for  this  are  the  two  following  Cafes. 


Ca  fe  L 

T  f  North?  T  .  r  ...  t  .  1 
lo  <  $  ufjj  r  Latit.  failing  to  the* 


irJ  the 


North  )  ’ 

South  Jf 
Latitude  increafeth,  add. 


North  ) 


Cafe  If. 

Z'tbf  Lat!tutk)  faiiil,g  t0  tbe  'f  Nmb}”ward  the 

Latitude  decreafeth,  fubtra£h 
And  here  Note ,  When  the  Latitude  decreafeth,  and  the  Dif¬ 
ference  of  Latitude  is  greater  than  the  Latitude  fail’d  from, the 
Ship  hath  crofted  the  Equator,  and  changed  her  Latitude  3 
either  from  North  into  South,  or  South  into  North. 

4  General  Rzdf.Tbe  Sum  of  the  three  Angles  of  every  Plaio 
Triangle,  is  equal  to  16  Points  of  the  Compafs:  For 
r  Point  'j  f  1  id.  1 5m; 

tl  l  Points  (  of  the  ComPafs  !s  e<lual  t0  1 1 80  j* Degrees 

5.  General  Rule.  If  a  Ship  fails  Eaft  or  Weft,  fhe  keeps  in 
the  lame  Latitude  ;  and  if  a  Ship  fails  North  or  South,  fhe 
keeps  in  the  fame  Longitude. 

Note ,  Pi  tin  Sailing  is  divided  into  three  Parts,  viz. 

1.  In  a  Right  single  Triangle,  relating  to  a  Single  Courfe,  In 
which  are  Six  Cafes° 

.  2.  In  a  Right- Angle-Triangle,  relating  to  feveral  Courfescah 

led  a  Traverfe. 

3.  In  an  Oblique  Triangle ,  in  which  are  but  four  Cafes,  tho* 
multitude  of  various  Queftions- 

The  Fird  Part  of  Plain  Sailing  is  contained  in  the  fix  Problems 
or  Cafes  following. 

r  :  P.rob» 
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Prob.  or  Cafe  I .  Courfe  and  Diftance  Sailed  given  •  to  find  the  Dif¬ 
ference  of  Latitude  and  the  Departure  from  the  Meridian. 


Example .  Admit  a  Ship  runs  495  Minutes  S  W  by  W-  from 
the  Lizard  in  5od.  00m.  North  Latitude:  I  demand  the  Lath 
tude  /lie  is  in,  and  how  tar  file  is  departed  from  the  Meri¬ 
dian  ? 

Obferve  That  in  all  Problems  of  Navigation ,  make  the  upper 
end  of  the  Book  or  Slate  to  be  the  North  5  then  the  Right 
hand  is  the  Eafb  the  Left  hand  the  Weft,  and  the  lower  End 
is  the  South.  Then, 


To  delineate  the  Problem  by  the  Plain-Scale. 


.".’Me 

1.  Draw  the  Meridian  AB  (Plate  2.  Fig-  9.)  towards  the 
Right-hand,  when  the  Courfe  is  Wefterly,  but  when  Eafterly 
towards  the  Left-hand  $  and  put  A  at  the  upper  End  when 
the  Courfe  is  Southerly,  but  at  the  lower  end  when  its  North” 
erly. 

2.  With  a  Chord  of  60  Degrees  and  one  Foot  on  A,  deicribe 
an  Arch  ;  on  that  Arch  lay  5  Rumbs  (becaufe  S  W  by  W.  is 
5  Points  from  the  Souths  taken  from  theScaie  of  Rumbs,  and 


by  it  draw  a  Line  AC 

5.  From  any  Scale  of  equal  Parts ,  take  the  Diftancerun  49^ 
Minutes,  and  lay  it  from  A  to  C  j  then  A  represents  thePlace 
failed  from,  C  the  Place  the  Ship  is  come  to. 

4.  From  C  let  fall  the  Perpendicular  C  B,  to  cut  the 
Meridian  in  B,  and  it’s  done.  Then,  meafure  AB  and  BC 
on  the  fame  Scale  of  Equal  Parts,  that  AC  was  taken  from, 
will /hew  howinuch  the  Difference  of  Latitude,  andDeparture 
from  the  Meridian  is,  by  the  Plain  Scale, 

Thefe  Directions  with  the  following  Explanation  being 
well  confidered,  will  fhew  how  to  delineate  and  anfwer  any 
of  the  Six  Cafes  of  Plain- Sailing  by  the  Plain-Scale :  Therefore 
I  omit  the  Delineations  in  the  five  following  Cafes :  having 
given  fufftcient  Directions  to  make  any  ReCfangle  Plain- 
Triangle  in  Prob.  10,  it,  12,  and[  13  of  Pra&ical  Geometry , 
and  Inch  are  all  the  Cafes  in  this  Part  of  P lam- Sailing. 


t-r 
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This  Right  Angle  Triangle  ABC  ( Plate  z .  Fig .  pj  may  be 
made  by  Prob.  io.  of  Geometry  •  in  which  Note  ; 

1.  The  Hypotenufe  AC  (reprefents  the  Point  of  the  Com- 
pais  the  Ship  fteered,  andj  the  Ship’s  Pittance  run. 

i.  The  Leg  AB,  (the  Meridian )  that  is,  the  North  or  South 
Point  of  the  Compafs  the  Difference  of  Latitude. 

3.  The  Leg  BC  (the  Eaft  or  Weft  Point  of  the  Compafs 
and  a  Parallel  of  Latitude)  the  Departure  from  the  Meridian, 

4.  The  Angle  BAG  (the  Angle  of)  the  Ship’s  Courfe. 

5.  The  Angle  ACB  (the  Angle  of)  the  Complement  of  the 

Ship’s  Courfe.  - 

Note,  The  Angle  that  the  Point  of  the  Compafs  (fteered  by 
or  upon)  maketh  with  the  Meridian,  or  North)  and  South 
Foint  of  the  Compafs,  is  called  the  Angle  of  the  Ship's  Courfe , 
and  the  Angle  it  maketh  with  the  Eaft,  or  Weft  Point,  is  the 
Complement  of  the  Courfe. 

The  Courfe  in  this  Example  being  $.  W.  by  W.  is  5  Points 
from  the  South  or  Meridian,  and  makes  5dd.  15m.  The  Com¬ 
plement  of  the  Courfe  is  3  Points  *  that  is,  33d.  45m,  as  may  be 
feen  in  the  Table,  Intituled,  A  Table  of  the  Angles  vjhich  ever y 
Rumb  (or  Point  of  the  Compafs)  maketh  with  the  Meridian.  At  the 
End  of  this  Book. 

The  Things  thus  explained,  the  Proportion  by  Chapter  2, 
SeBim  2.  Axiom  I.  and  Cafe  1.  of  Plain  Right  Angle-Triangles 
may  be  as  follows. 

f  1  ' 

For  the  Difference  of  Latitude,  three  way st  thus  1 

Radius  7  f  S.c*  Courfe  7 

Sec.  Courfe  >  •  *  Diftance  :  :  <  Radius  >  ..  Dift.  Lat. 
Sec*  c.  Courfe 3  l  T.c.Courfe  3 

All  thefe  three  Proportions  may  be  wrought  by  the  Loga¬ 
rithms,  but  I  only  work  the  firft. 

&  A  ••  .  -  « 

i  >  \  / 

By  Gunterh  Scale ,  thusf 

Radius  c.  Diftance  :  ;S.  c. Courfe  ..Difference  Latiti*de, 
S.8  Points  ..  49^  Min. :  “8,3  Points  ••  Min.  2  7  5.(5  Tenths. 

Latitude  failed  from  is  — - 5°^*  oorn’  Nortl^. 

The  DifE  of  Latitude  Min,  or  —  04d.  3d m. 

Subtract*  giveth  Latitude  the  Ship  is  in  43d.  24m  North 
*  n  *  '  %  b  "BQT 


I 
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For  the  Departure,  three  ways,  thus 


Radius  n  f  S.  Courle 

Sec  Courfe  >  ..  Diftance:  :  \  T,  Courfc 
Sec  c  Courfe  3  L  Radius 

The  fir  ft  of  thefe  by  Gunter’s  Scale,  thus  5 
Radius  ..  Diftance  :  :S  Courle  ..Depart,  from  the  Merid, 
S*  §  Points  ..  496  Min. :  :  5  Points  ••  Minutes  412.4  Tenths. 

So  that  the  Departure  from  the  Meridian  is  Minutes  412*4 
Tenths,  which  makes  tfd.  52m.  Meridian  Diftance  Weft. 


Departure. 


Problem  or  Cafe  2.  Courfe  and  Difference  of  Latitude  given  5  to  find 
the  Diftance  run ,  and  the  Departure  from  the  Meridian. 

Example .  If  a  Ship  runneth  SE  by  E.  from  id.  45m,  North 
Latitude,  and  then  by  Obfervation  is  in  2d.  50m.  South  La¬ 
titude,  Whatis  her  Diftance  and  Departure  ?  Plate  2.  Fig.  to. 
This  Triangle  ABC  may  be  made  by  Prob.  12.  ot  Geometry : 
In  this  Example ,  having  Latitude  the  Ship  lailed  from,, 
and  Latitude  fhe  is  in  by  Obfervation,  there  are  the  Latitudes 
of  two  Places  given,  and  by  the  Second  General  Rule ,  in  Page  58, 
the  Difference  of  Latitude  is  found  as  followeth. 

Latitude  failed  from  — — —  —  '  id.  45m.  North 

Latitude  by  Obfervation  is  ~  2d.  50m.  South 

The  Difference  of  Latitude  is  — - — — 4d.  55111.0?  275 
Miniites,  found  by  multiplying  by  So,  theMinutes  in  a  Degree 

ift,  For  the  Diftance  the  Proportion  maybe  thus  5 
S  c.  Courfe  ..Diff.  Lat.  :  :  Radius  ..  Diftance. 

S.  5  Points  ••  275  Min.  : :  S.  8  Points  •»  495  Minutes. 

2 d,  For  the  Departure,  thus, 

S.c.  Courfe  Diff.  Lat.:  :  S.  Courfe  -  Departure. 

S.  3  Points  .,  275  Min,  :  :S.  5  Points  ••  412  Minutes:  Or  6& 
52m.  Bailing  3  that  is,  the  Ship  is  fo  much  to  the  Eaftward 
of  the  Meridian  of  the  Place  fhe  failed  from. 

.  _  I  a 

Problem  or  Cafe  3.  Courfe  and  Departure  from  the  Meridian  gi* 
ven  •  to  find  the  Diftance  and  Difference  of  Latitude. 

Example  If  a  Ship  fails  NE.  by  E»  from  a  Port  in  3d.  Mm, 
South  Latitude,  until  fhe  depart  her  firft  Meridian  412  Min.  1 
demand  her  Diftance,  and  what  Latitude  fhe  is  in  ?  Plate  2. 

Pig* 11.  This  Triangle  may  benjade  by  Ptob.  12,  of  Geometry, 

a.  For 


6i 
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•  /  i 

iftt  For  the  Diftance,  the  Proportion  may  he  this . 

$*  Courfe  ..Departure::  Radius  .*  Diftance  Run. 

S,  5  Points  412  Min.  •*  :,S.  8  Points  ••  Min.  495. 5  Tenths 
2 dy  For  the  Difference  of  Latitude  thus  ♦ 

S„  Courfe  ••  Departure  :  :  Sc.  Courfe  ••  Diff.  Latitude. 

5!  5  Points  ••  412  Min.  i :  S.  5  Points  ••  27 5 Minutes, which 
being  reduced  is  4  Degrees  55  Minutes  Northing,  by  which 
find  the  Latitude  the  Ship  is  in,  as  here-under. 

Latitude  failed  from  — ■■■■ — — ■»  ;<L  15m.  South 

Difference  of  Latitude  is  275  Min.  or-— 4d.  3  5m.  North 

Subtraft,  giveth  Latitude  the  Ship  is  in  id,  20m.  North 

Prob.  or  Cafe  4.  Diftance,  and  Difference  of  Latitude  given  5  to 

find  the  Courfe  and  Departure . 

Example •  Suppofe  a  Ship  Sails  4 96  Min.  between  the  South 
and  the  Weft,  from  a  Port  in  2d.  48m.  South  Latitude  5  ar*d 
then  by  Obfervation  is  in  "jd.  23m.  South  Latitude  :  What 
Courfe  hath  fhe  fteer’d,  and  what  Departure  hath  fhe  made 
Plate  2.  Fig .  12.  This  Triangle  may  be  made  by  Prob*  it. 
©f  Geometry.  . 

By  the  two  Latitudes  mentioned  in  this  Example ,  find  the 
Difference  of  Latitude,  as  followeth, 

Latitude  failed  from  is — — »  2d.  48m  South 
Latitude  by  Obfervation)  is  ^d.  23m  South 

Subtrafi,  gives  the Diff  of  Lat.  4d.  35m.  or  275  M. 
ift,  For  the  Courfe ,  the  Proportion  is, 

Diftance  ..  Radius  *:  Diff.  Lat.  ..  Sc.  Courfe. 

496  Min.  ..  S.  9od.:  :  275  Min*  ..  S.  33d.  40m. 

Which  fubtradl  from  9od,  the  Remainder  5<5d.  20m.  is  the 
Courfe,  which  makes  5  Points  neareft  ;  of  S' W  by  VV.  for  the 
Ships  Courfe. 

2 df  The  Proportion  for  the  Departure  is, 

Radius  ..  Diftance::  S.  Courfe  ..  Departure. 

S.  9od.  ..  4 96  Min,  S.  5^d.  20m.  ..  412  Minutes: 

Prob.  or  Cafe  5,  Diftance  and  Departure  given  3  to  find  the  Courfe 

and  Difference  of  Latitude, 

Example*-  Admit  a  Ship  Sails  496  Minutes  between  theNorth 
and  the  Weft,  from  the  IfandBermudas,  in  Latitude  3zd  50m, 
North,  until  her  Departure  is  412  Minutes  3  what  Courfe 

hath 
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hath  /he  fleer’d  ?  And  what  Latitude  is  file  in  ?  Plate 
f%  13.  This  Triangle  may  be  made  by  Prob.  U,q{ Geometry  • 

1  ft,  For  the  Courfe  ta\e  this  Proportion. 

Diflance  ..Radius  ::  Departure  ..  Sc,  Courfe* 

4 96  min.  -  S.  pod.  ::  4 12  min.  ..  S.  5tfd.  iom.  N.  wefterly. 
That  is,  5  Points,  which  makes  the  Courle  to  be  N  W  by 
zd,  For  the  Difference  of  Latitude. 

Radius Diflance:  :  Sc.  Courfe  ..  Difference  of  Latitude 
5,  pod. ..  49tfmin» :  ;  S.  3  3d. 40m. ..  275  min.  or  4d.  35m. 

d.  m. 

Latitude  failed  from  a**——™  . . . 3 2  :  30  North 

Difference  of  Latitude  275  Minutes,  or  4  :  35 
Latitude  Ship  is  in  n  ■  ■  *-  1  «— ■» ■' ■ — —  37  :  05  North 

Prob.  or  Cafe  6.  Difference  of  Latitude  and  Departure  given  *  to 

find  the  Courfe  and  D, fiance. 

Example „  If  a  Ship’s  Southing  be  275  Minutes,  and  her 
Eafting  41  aMinutes,  What  is  herCourie  and  Diflance  ?  Plate  2, 
Pig*  14  This  Triangle  may  be  made  by  ProN  13.0!  Geometry, „ 

id,  For  the  Courfe  take,  this  Proportion. 

Diff  Lat.  ••  Departure  :  :  Radius  ••  T.  Courfe 
275  Min.  ..  41 2  Min. : :  T.  45d.  ..  T.  5#d.  17m.  South 
Eafterly,  or  5  Points,  which  makes  the  Courfe  to  be  SE.  by 
E*  neareft. 

id,  For  the  Diflance  this  Proportion , 

S.  Courfe  ..  Departure  : :  Radius  ..  Diflance, 

S.  56a.  17m.  •»  412  Min.  :  :  S.  pod.  ••  49  5Min. 

Thefe  fix  yteceedingProblems  are  the  common  Cafe  of  Plain 
Sailing  3  which  the  Learner  ought  to  be  well  acquainted  with: 
and  for  that  End  I  here  add  fix  more  for  Pra£lice,  whofeAn- 
fwers  may  be  found  by  the  foregoing  Rules. 

Queft.  I.  A  Ship  in  2d.  iom.  South  Latitude  fails  N*  by  E. 
89  Leagues  :  What  Latitude  is  (he  in  -  And  what  is  her  Departure 7.  . 

Anpw»  Latitude  2d  12m.  North,  and  Departure  Leagues 
17  and  35  parts  of  a  Hundred,  ;; 

QuefL  2.  A  Ship  failing  S  S  IF .  from  a  Port  m-  fid,  3 cm. 
North  Latitude  3  and  then  by  Obfervatton,  the  Ship  ism  3 6d .  57  m* 
North  Latitude  :  l  demand  the  Diflance  Run,  and  Departure  ? 

Anfiv.  Diflance  Run,  98  Leagues  5  Tenths,  Departure 
Leagues  3  7  6  Tenths. 

Queft.  3.  A  ship  fails  S*  S,  VA,  half  W.  from  id,  30 m.  South 
'  Latitude 
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y  atztude  until  the  Departure  be  59  Leagues  1  {demand  her  Diftance 
and  the  Latitude  fee  is  in?. 

sfnfw.  Diftance  Run  125  Leagues,  Latitude  8d.  ofm.  South, 
Queft.  4.  If  a  Ship  Saileth  3 60  min.  South  WeJiward,from  2  id. 
59m.  South  Latitude ,  until  (by  Ohfervation)  fee  be  in  24 d.  49m, 
South  Latitude  :  W bat  is  her  Cour/e  and  Departure  ? 

Aafvi.  Courle  is  S  W  by  W-  k  W.  and  Departure  from  the 

Meridian  is  318  Minutes. 

Queft.  5.  Suppofe  a  Ship  Saileth  354  min  North  Eafhvard  - 
from  id.  91W.  South  Latitude ,  until  her  Departure  be  150  min 0 
What  is  her  Courfe ,  and  Latitude  fee  is  in  ? 

Jnfw.  Courfe  is  N  N  E.  |  Eaft  neareft,  and  Latitude  the 
Ship  is  in*  is  3d.  8m.  North. 

Queft  6.  Sailing  between  the  North  and  the  jVci},  from  a  Port  in 
id.  5  $m.  South  Latitude ,  and  then  arriving  at  another  Port  in  3 d. 
08 m.  North  Latitude ,  which  is  209  min.  to  the  JVeftward  of  the  fir  ft 
Port:  I  demand  the  Courfey  and  Diftance from  the  firfe  port  to  the 
Second  ? 

Jnfw.  Courfe  isNW  byN-  and  Diftance  of  the  Ports  371m. 
or  Leagues  123! , 

So  much  for  the  Firft  Part  of  Plain-Sailing  Traverfe  is  next 
in  order*. 

0 

Se&.IV.  Plain  Sailing  the  fecond  Part  3  feewing  how  to  refolve  a 
Traverfe,  or  bring  feveral  Courfes  into  one.  t 

•  .  j 

ITAving  learn’d  thofe  neceflary  Problems  concerning  a  Single 
*1  Courfe,  the  next  in  order  is  a  Compound  Courfe 9  commonly 
called  a  Traverfe  •  in  order  to  the  Right  underftanding  thereof, 
obferve  the  following  Definitions. 

I*  A  Traverfe  1  is  when  a  Ship  ("meeting,  with  a  contrary 
Wind)  faileth  on  leveral  Courfes  in  2  4  Hours. 

jl.  To  refolve  a  Traverje ,  is  to  reduce  or  bring  feveral  Courfes 
into  one  3  the  Courfes  are  known  by  the  Compals,  and  the 
Diftance  by  the  Log  5  which  in  common  Voyages  is  heav’d 
once  in  <  Hours,  but  to  the  Eaft  Indies  every  Hour. 

3=  Tic  is  a  Piece  oi  Board  about  feven  Inches  Long, 
in  Form  like  a  Flounder,  the  Head  off,  and  fo  faftned  to  a 
fmall  Chord  (or  Line  call’d  the  Log- Line)  at  one  End,  with 
fo  much  Lead  at  the  other,  that  when  it’s  put  into  the  Sea3  it 
may  fwim  upright  or  end  wife. 

4.  The  Log  Line  is  divided  into  equal  Spaces,  called  Knots, 

ft  fy 
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by  fomething  fattened  to  it  at  every  50  Feet  dittance  for1  a 
Knot.  Now  the  Log-line  being  wound  on  a  Reel ,  and  the  log 
put  intp  the  Sea  5  if  the  Log-line  be  veered  out  fo  faft  as  the 
Ship  fails,  then  look  how  many  Knots  are  veered  out  in  Half 
a  Minute’s  time  5  juft  fo  many  Miles  or  Minutes  doth  the  Ship 
run  in  one  Hour. 

5*  One  of  thefe  Miles  contain  6ooo  Feet ,  and  is  greater 
than  a  Statute  or  common  that  being  but  5000  Feet  ;  of 
which  about  69%  ( on  the  Meridian  or  any  great  Circle,  isaDe- 
gree$  but  in  the  Pra&ice  of  Navigation 5  60  Miles  or  Minutes 
are  counted  for  a  Degree,  therefore  I  call  them  Minutes. 

6.  In  the  Steer  age  ,  or fome  other  convenient  Place  of  theShip, 
hangeth  a  Table  called  the  Log-Board %  divided  into  5  Columns  5 
wherein  are  wtittten  the  Hours  of  the  Day ,  Cokrfes  Steer ed9  Knots 
&c.  veered  out  5  and  laftly,  the  Winds  ;  as  in  the  Table  fol¬ 
lowing. 


The  Form  of  the  Log-Board. 
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Note 
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Note,  The  Column  forCourfes  is  made  fometimes  juft  before 
the  Column  for  the  Winds,  and  then  the  three  narrow  Co¬ 


lumns  ftand  together. 

f.  The  Day  begins  and  ends  at  Noon  $  that  is,  from  Noon 

to  Noon  is  the  Length  of  the  Day. 

8.  Every  Day  at  Noon  the  Log-board  ought  to  be  Copied 
into  a  Log-book^,  ruled  like  the  Log-board  1  Phenmuft  becaft 
up  how  much  the  Ship  hath  failed  on  each  Courfe, 

9.  If  the  Ship  fails  by  a  Wind,  it’s  ufual  to  allow  one  Point 
for  Leeward-way  5  fo  that  when  the  Ship  is  clofe  haled,  and 
doth  lie  5I  Points  from  the  Wind,  yet  her  Courfe  corre&ed 
is  Points  from  the  Wind. 

10-  The  feveral  Courfes  (being  corre£!ed)  and  Diftances,  are 
to  be  brought  into  one  Courfe  and  Diftance  $  which  is  called 
Refolv'tng  a  'Traverje,  and  to  lay  it  down  byScale  andCompafles, 
take  thefqur  following  Rules,  which  give  the  P oints  that  are 
between  eachCourfe,  called  the  Angle  between  both  Couries* 

Rule  1.  Two  Meridians,  and  two  Parallels  5  the  letter 
Courfe  fubtra&ed  from  the  greater,  gives  the  Angle  between 


both  Courfes. 

Rule  2.  Two  Meridians  and  one  Parallel  5  add  both  Cour¬ 
fes  together.  -  , 

Rule  3.  One  Meridian,;  and  two  Parallels  5  fubtraCt  the 

Sum  of  both  Courfes  from  16  points. 

Rule  4.  One  Meridian^  and  one  Parallel  $  add  8  Points,  the 
leffer  Courfe,  and  the  Complement  of  the  greater  together  5 

the  Sum  is  the  faid  Angle.  a 

Note  1+  North  and  South  are  called  Meridians,  and  Lalt 

and  WefUre  called  Parallels. 

2.  By  Complement  of  the  greater  Courfe,  underltand  how 

much  ft  wants  of  8  points.  (  _.  a  ,  0 

To  know  the  Meridians,  and  Parallels,  the  Firft  and  Se- 
cond  Courfes  are  compared  together,  and  the  fecond  and 
third,  and  the  third  and  fourth,  ere,  . 


Example.  A  Ship  being  bound  to  a  certain  Port ,  meeting  with 
contrary  Winds,  fails  firft  SE  by  S*  6  7  Minutes  5  then  S.  E  by  E.  535 
then  WSW.  45  5  then  N  E  by  N  74  5  tben  Weft  31  5  and  then  S. 
ly  E,  83  Minutes:  I  demand  the  Difference  of  Latitude,  Departure 
from  the  Meridian,  and  direB  Courfe ,  and  Diftance  from  the  firft 
Place  departed  %  Plate  2.  Fig*  15.  ^ 


\ 
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y  Set  down  the  feveral  Courfes  and  Diftances,  with  the 
points  from  the  Meridian,  &ct  as  in  the  following  Table* 


1 
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5 
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14 
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wswT 

45 

6 

5 

4 
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74 
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3 

f  ^ 
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57 

8 

5 

!  <?• 

S  byE. 

83 

1 

7 

Dljf,  Latitude 
in  Minutes , 


North 


Departure, 
in  Minutes, 


6l*5 


Subtract 


Difference  of  Latitud 


South 

Eaft 

Weft 

55*7 

37'2 

* 

2  94 

44  1 

J7-a 

47. (» 

l 

41. i 

57,0 

8 1*4 

1 6  2 

»83.7 

61-5 

138. 6 
9$>6 

y8<y  ' 

I  2  22 

40.0 

depart. 

2.  in  the  hfth  Column  put  the  entn  i  •  « 

wh.ch  are  found  by  the  Four  Rules  foregoing  •  Porffri 
Courie  always  is  the  fame  with  thcPoiJtrowZZlj/ 
for  the  fecond  Courfe  it’s  i±  t  ?  *neM«idian  ; 

the  Firft  and  fecondCourfes  ttsether’  !nZ"J  comParing 
d.an  and  one  Parallel;  and  by  the  °^eri* 

for  laying  down  :  Again,  comparing  the  feondand  i 
Courfes  it  s  one  Meridian  and  two  Lil,i.  i-  .  th,rd 
T bird  Rule  makes  ;  Points  for  UvllZ/  11  ['  ™hlch  b? 

,»d  Fourth  Courfe  Zprfe  „«  "" 

do»o  ,  .ud  fo  for  thr  rill,  •>  h 

That  is,  take  7  R mh  from  the*./, ‘f  Lltfandk/it  twice 


cm 
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Plain  Sating,  the  fecond  Qavt,  Chap.  IIL 

on  the  faid  Arch  ;  by  it  and  the  end  of  the  S  E  by  S.  Line, 
draw  a  $»  E.  by  E.  Line,  making  it  53  Minutes  long,  fo  the 
fecond  Courfe  is  finifhed. 

Thirdly,  At  the  end  of  the  S  E  by  E.  Line,  in  like  manner 
with  the  Chord  oftfo  Degrees,  draw  an  Arch,  and  thereon  lay 
5  Points,  by  which  and  the  End  of  theS.  E»  by  E.  Line  draw 
the  WSW.  Line  45  Minutes  long. 

Fourthly ,  After  the  fame  manner  draw  the  NE.  by  N,  Line 
74  Minutes  long:  Then  the  Weft  l  ine  57  Minutes  long. 
And  then  the  S.  byE  Line  83  Minutes  long,  ending  in  C, 
the  place  where  the  Ship  now  is. 

Lajily ,  Draw  a  Line  from  C  to  A  (the  place  the  Ship  de¬ 
parted  From)  and  from  C  let  fall  the  Perpendicular  Bv  5  then 
is  AC  the  Ship’s  Diftance  from  the  place  or  departing,  AB 
her  Difference  of  Latitude,  and  BC  her  Departure  from  her 
ftrii  Meridian,  each  being  meafured  on  the  fame  Scale  the 
other  Lines  were  taken  from,  will  fhew  how  much  they  are 
feveraily,  and  the  Angle  BAG  meafured  on  the  Scale  of  Chords 
or  Rumbs ,  fhews  her  Courfe* 

4.  Then  by  Problem  i«  SeHion  3.  of  this  Chap’  find  the  Diffe¬ 
rence  of  Latitude  and  Departure  from  the  Meridian ;  for  thofe 
Courfes  and  Diftances  feveraily  5  that  is,  by  the  Firji  Cafe  of 
Plain  Sailing  having  the  Courfe  and  Diftance  Run  given  3  to 
find  the  Difference  of  Latitude,  and  the  Departure  from  the 
Meridian  ;  and  that  for  each  gi  venCourfe  ;  which  place  in  theie 
proper  Columns  thus  :  If  the  Courfe  be  North  Eafterly  put 
the  Differenceot  Latitude  in  the  NorthColumn  under  (North  •) 
and  the  Departure  in  the Eaft  Column  under  (&*/?:)  If  the 
Courfe  be  South  Eafterly,  then  put  the  Difference  of  Latitude 
In  theSouth  Co  utnn,  and  theDeparture  in  the  EaftColumns  3 
if  South  Weftefly,  then  in  the  South  and  Weft  Column  3  and 
if  North  Wefterly,  then  in  the  North  and  Weft  Columns. 

As  for  Example.  The  Firji  Courfe  in  theforegoirg  Traverje 
is  S.  E.  by  S  that  is,  South  Eafterly  5  the  Difference  of  Lati¬ 
tude  Minutes  55.7,  place  in  the  South  Column  3  and  the 
Departure  Minutes  3 7  2  put  in  the  Eaft  Column;  as  in  the 
Table  foregoing.  The  like  obferve  for  all  the  reft. 

Note,  W  hen  the  Courfe  is  E.  W*  N*  or  S.  the  Diftance  fail’d, 
then  place  in  the  Eaft,  Weft,  North  or  South  Columns;  as  here 
the  Fifth  Courfe  is  W.  the  Diftance  57  Minutes  is  placed  in 
the  Weft  Column,  as  you  lee  above  in  the  Table, 

5.  Having 


Sedi,  IV.  Qlain  Sailings  the  fecond  Part.  6$ 

5-  Having  found  the  Difference  of  Latitude,  and  Departure 
from  the  Meridian  for  each  Courje,  and  placed  them  in  their 
proper  Columns  5  add  up  the  North,  South ,  Eaft>  and  Weft  Co¬ 
lumns,  and  fubtraft  the  North  and  South  Columns,  the  one  from 
the  other,  that  is,  the  leaft  from  the  greateft,for  theDifference 
of  Latitude  $  in  like  manner,  the  Eaft  and  WtH  Columns  for 
the  Depa  rture  :  As  in  the  foregoing  Table,  the  Sum  of  the 
North  Column  6i.y  fubtraft  from  the  Sum  of  the  South  Column 
183.7,  theRemainder  122.2  is  the  Difference  of  LatitiideSdKffc- 
erly  :  And  the  Sum  of  the  Weft  Column  98 .6,  fubtraffed  from 
the  Sum  of  the  E  ft  Column  138-7*  the  Remainder  40*1,  is  the 
Departure  from  the  Meridian  Eafterly. 

6  Then  having  found  the  Difference  of  Latitude,  and  De¬ 
parture  from  the  Meridian,  the  Courfe  and  Diftance  maybe 
found  by  Problem  6 ,  Section  3.  of  this  Chap.  And  in  this  Ex-, 
ample  theDiff  rence  of  Latitude  being  Minutes  122.2  Southerly 
and  the  Departure  Minutes  40.1  EaHerly,  the  Courfe  will  be 
South  i8d.  10m  Eafterly  5  that  is,  S  by  E.  -J-  E.  aimoft,  and 
the  Diftance  Minutes  128,7  which  wa«  required. 

After  this  manner  may  you  work  any  I 'raverfe;  and  for  the 
Learner’s  Pra&ice,  I  fubjoin  the  following  Examples. 

Example  2.  Suppofe  in  24  Hours  a  Ship,  fatltth  as  followeth.SW’. 
h  S, .  30  Minutes ,  £.33,  NNW  \W.  32,  $  W-  39,  S  E  9,  and 
E  S  E.  1  r  Minutes ;  What  is  her  Difference  of  Latitude,  Departure 
from  the  Meridian ,  direft  Courfe  and  Diffance  ? 

slnfw.  Differenceof  Latitude  Minutes  67.9  Southerly,  De¬ 
parture  Minutes  42.8  Wefterly,  Courfe  is  South  3  2d.  15m. 
Wefterly  or  S  W.  by  S  neareft, Diftance  Minutes  80  3  Tenths, 
Example  3.  If  a  Ship  fzileth  by  the  Log-Board  in  24  Hours  as 
follows,  N  N  E.  83  Min.  S  W  74,  E  by  S.  92,  NNW.  ns, 

S  by  W.  47,  and  NE  by  N.  78  Minutes :  What  is  her  Difference 
of  Latitude,  Departure ,  direct  Courfe ,  and  Diflance  Run  ? 

Anfvi.  Difference  of  Latitude  Minutes  141.6  Northerly,De- 
parture  5  5.6,  Eafterly,  Courfe  is  North  aid,  25m  Eafterly, 
or  NNE.  neareft,  Diftance  Minutes  152-5. 

Example  4.  JfaShij?  Jaileth  W  by  S.  87  Min-  N.  46,  SSE.  75, 
E.  83,  NW  by  W,  79,  NE  by  E.  57,  and  NW  by  N  64  Min. 

I  demand  her  Difference  of  Latitude ,  Departure ,  direH  Courfe ,  and, 
Diftance  Run  ? 

4nfw.  The  Difference  of  Latitude  Minutes  88. 6  Northerly, 
Departure  Minutes  27.5  Wefterly,  Courfe  is  North  ?7d.  15m. 
\yefte$ly,  or  K[.  by  Stf.  §  W.  neareft,  Diftance  ^Minutes. 

E  3  Example 


7©  Plain  Sailing ,  the  fecond  ^Part  Chap.  III. 

Example  5  A  Ship  failetfr as  follows,  N,  N.E.  55  min.  N  W° 
W'  96,  S  bv  E  £  E.  5  7,  WS  W.  f  W.  89.  N  E  by  N.  f  £.  loo* 
sWby  fV.  ~W*  54.  and  Nhy  Ey  50 m.  What  is  her  Difference  of 
Latitude*  Departure t  DireB  Courfe %  and  Di fiance  Run  ? 

Anfw.  Difference  of  Latitude  min.  151.8  Northerly ,  De¬ 
parture  minutes  92. 1  Wefierly,  Courfe  34c!. 56m.  North  Wc- 
fierly,  or  NW  by  N.  neared,  and  Diftance  161  Minutes. 

Example  6.  A  Ship  in^&d.  zq,m.  South  Latitude^  faileth  by  the 
Log-board  m  24  Hours  S  E.  8  min.  SWby  W- 1  W.  6.  N  £•  by 
E  'i.WNW-lW.9yNW'4*  E  S  E.\  E.z^S.by  E.1%NN. 
E.  l  E.  4,  and  E  7  min.  What  is  her  Difference  of  Latitude v  De¬ 
part  ttre9  direB  LourJey  Difiance  Run ,  and  Latitude  (he  is  in  ? 

Anfw*  Difference  of  Latitude  min.  4 .62.  Southerly,  Departure 
min.  6  1 7  Eaflerly,  Courfe  is  South  5  gd.iom.Eafterly  or  SE. 
J  E.  Di  fiance  Run  min.  7.71.,  and  Latitude  4<5d.  29m.  South 
Example.  7,  Admit  a  Ship  in  id.  gow.  North  Latitude^  fails 
NN  E  6  min ,  S  E  by  S. \E.  5,  NE  by  E  1  Et  4,  IVN  W\  f  W. 
8,  S  W  by  S.  P  W  7.  N IV  by  N.  4,  E  N  E  5.  S  IV.  7.  and  SE 
by  E  5  min.  I  demand  her  Difference  of  Latitude,  Departure ,  di- 
veB  Courfe ,  DiHance  Run ,  atfd  what  Latitude Jhe  is  in  7 

Anfw.  Difference  of  Latitude  minutes  2.40  Southerly,  De- 
pai  ,  ite  min.  1  59  Weflerly,  Courfe  is  South  3  3d.  3im,W.erly» 
or  S  W  by  S.  Diflance  minutes  2.88  and  Latitude  fhe  is  in 
id.  28m  North  ? 

^  bus  much  for  the  Second  Part  of  Plain  Sailing  called  a  Tra - 

merfe  we  go  on  to  the  Life  of  an  Oblique  Triangle  in  Plain  Sailing 

£1  V.  Pla  n  Sailing  the  Third  Part ,  or  the  Do&rine  of  Oblique 

Angles  applied  in  Problems  of  Sailing  by  the  Plain  Chart. 

^Ltho  this  Pari  oi  Plain  Sailing  is  the  lead:  ufefu!,and  olod 

difficult  5  yet  for  the  Learner's  Diverflon  I  will  add  fome 
Problem  s. 


Problem  r.  Sutfoje  two  Ports  lie  North  and  South ,  and  a  Ship  fails 
from  the  Nor  thermo/ 1  SE.  Minutes  3  another  from  the  Souther - 

mod  fads  NE  by  N.  till  fhe  meet  the  firft  Ship  t  l  demand  the 
Distant  of  thefe  'om,  and  the  Second  Ships  Difiance  Risn  ? 

In  the  Oblique  Triangle  ADE>  Plate  3,  pig.  1. 

Let  A  reprefent  the  Northermoft  7 
D  the  Southermo.fi - - - ,  fPort 

®lde  l  DE  the  fecomfZl } Sh‘P’s  Courfe  and  Diilance 
E  tne  Place  where  the  Ships  meet. 

Here  are  two  Angles  and  one  Side  given,  and  therefore 
by  Chap.  a.  SAP  3,  Proh>  5  -Cafe  1;  off  Obhqu^angles.  1  ,  Foy 


1 


$e<5h  V;  Plain-Sailing ,  the  third  Part  Ji 

1.  For  the  Side  AD  the  Diftance  of  the  two  Ports*  the 
Proportion  is- 

S.  AD  E  ..SideAE::  S.AED  ..  Side  AD. 

S.^Peims  -  6$  Min.:  ;  S.  y  Points  ..  Min.  120.5  Tenths, 
Nor**  When  an  Angle  exceeds  8  Points  fubtrafl  it  from  16  3 
as  here,  9  Points  being  lubtra&ed  from  i6t  the  Remainder 
7  Points,  is  to  be  ufed  infteadof  it. 

2.  For  the  Side  De  the  fecond’s  Ships  Diftance,  the  Pro¬ 
portion  is  3 

S.aD  E  ..  Side  AE::S.D  AE  ..  Side  DE. 

S.  3  points  ••  6 8  Min.  : :  S.  4 Points  ..  Min  86.2  Tenths* 
Problem  2.  Suppofe  two  Ports  lie  N  E.  and  S  W.  and  a  Ship  fails 
from  the  Southermod  ESE.  -45  minutes^  another  from  the  Norther- 
mod  runs  72  Minutes ,  and  then  meets  the  firji  Ship  3  I  demand 
the  Co urfe  fleer'd  by  the  lad,  and  the  Didance  of  the  PortSe 

In  the  Oblique  Triangle  ADE,  Plate  3.  Fig.  2. 

Let  A  reprefent  the  Southermoft  1  n 
D  the  Northermoft  - - - f  lort* 

Side  {de  t^e  fecond~  }Sh!P’s  Courfe  and  Diftance.' 

E  the  Place  where  the  Ships  meet. 

Here  are  two  Sides  and  one  Angle  oppcfite  given  3  and  by 
Gbap.  z.Seft.  3.  Prob.  6.  Cafe  2  and  3.  ot  Oblique- angles.  , 

N  For  the  Angle  ADE  the  fecond  Ship’s  Courfe,  the  Pro^ 
portion  is, 

SideDE  ..  S;DAE  : :  Side  AE  ..  S*  ADE, 

72  Min.  ..  S  6yd.  30m.: :  4I5  Min.  ••  S.  3  yd-  15m.  which 
fubtraft  from  S  W.  43d.  makes  the  Courle  yd,  45m.  South 
Wefterly,  or  S  f  W. 

2.  F or  the  Side  AD  the  Diftance  of  the  two  Ports,  the  Pro* 
portion  is, 

S,  D  A  E  Side  DE  ; :  S.  A  E  D  ..  Side  AD. 

S.  6qd>  30m.  ••  72  Min.  :  :  S.  7jd.  15m.  ..7 6  Min,  the  Dift. 

Problem  3.  Two  Ships  Jail  from  a  certain  Road,  one  fails  S  S  E, 
50  Mnutes,  the  other  SSW.  35  Minutes .  I  demand  their  Bearing 
and  Dtflance  ? 

In  the  Oblique  Triangle  ADE.  Platt  3,  Fig .  3, 

Let  A  reprelent  the  Road. 

Side  5  A  E  ‘the  fecoHiT- }  ShiP’s  Courfe  and  D!flalKe‘ 

%m  DE  the  Bearing  and  Diftance  of  the  two  Ships. 

E  4  Here 


tPlain  Sailing,  the  third  Part .  Chap.  HI# 

Here  are  two  Sides  and  one  Angle  between  them  given  3  and 
by  Chap  2  Sett  3.  Prob.  7-  Ca/i?  4  and  5  at  Oblique-angles, 
i.  For  the  Angles  ADE  and  AED  3  their  Bearing, 

c  <  AD  50  Mm  |  From  the  three  Angles  - - "  »8od.  00m. 

Side<A£^  Subtract  the  Angle  DAE  - 45<b  com. 

Sum  of  ADE  and  AED 


Su,m  Sides  8?  Mm* 
Diff  Sides  15  'V.-zw, 


sg5d.  oomk 


,  . . ,  The  half  Sum  ADE  and  AED  —67.  3013. 

Sum  Sides ..  Dif  Sides  : :  T.  LSum  Angles  ..T.  \  D# 

85  'Minutes  ..  1  5  Min.  : :  T.  ^d  30m.  v  T,  a  3d.  05m. 
The  half  Difif,  of  the  Angles  23d.  05  m. 

Added,  is  the  greater  Angle  <?od  25m  AED, 

Subtrs&ed,  is  the  lefferAng.  44<b  2. 5m-  ADE  3  - 

which  added  to  SjE*  22d.  30m*  is  south  EaOtrly  66q*  5  5m, 
and  North  Wefterly  66d*  55  m.  that  is  EiE.andWNW. 
neareft,  is  the  Bearing  of  the  two  Ships. 

2  For  the  Side  DE  their  Biftance,  the  Proportion  is ; 

S.  ADE  ..  Side  AE  ::S.DAE  ••  Side  DE  required. 

S-  44d.  25m*  *.35  A din* : :  S«  45^*  oom'  ••  Mlin.  3  5*4^  ^nths. 


Problem  4.  Suppofe  a  Ship  fail  NE.  50  Leagues,  then  South  Eaft°. 
erly  85  Leagues  3  then  forced  bac\by  foul  Weather  105  Leag^ 
to  the  Place  from  whence  foe  {if  failed  s  I  demand  her  jecond 
Cour(e}  and  her  laft  Courfe  back,  ? 

In  the  Oblique  Triangle  ADE,  Plate  3.  Fig.  4. 

Let  A  reprefsnt  the  Place  failed  from  at  firIL 
D  )  1  f  fecond  Place,  and  DE  feepnd  Courfe  and  Diit. 

Ef  the  1  third  Place,  and  EA  third  Courfe  and  Diftance, 
Here  are  three  Sides  given  3  and  by  Chap.  %*  Sett*  3.  Prop.  a. 
Cafe  6.  of  Obliquan^les,  the ‘Proportions  are  3 

1.  For  F£  the  Difference  of  the  Segments  AB  and  BE  3  the. 
Operation  is, 

|  P'5  ff  UPlJ 

Side  AE  .«  ,toBE$d)As  r^i/.DE&DA ..  FEdif.Stg 
loileag.  ..125  League  -  :  35  Leagues..  45  Lwg, 
45  PE  Difference  of  the  Segments  AB,  and  BE 


esje3  ^5 
SidelDA  5c 


tium  — ■  135 


Biff- 


2<  105  7“,  v.  ir*  S  /  5  BE  the  greater  Segment 
*  1  60  30  AB  the  kffer  Segment. 
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2.  For  the  Angles  DAE  and  AED,  the  Proportions  are* 
HypotenufeAD  ..Radius:  :Leg  AB  ..  Sc.  DAB  or  DAE. 

50  Leagues  ••  S.pod. soLeag.  ..  S.  3 6d.  53m. 

Subtract  from  -  . . .  pod*  oo*m. 

Refteth  Angle  DAE— ■* 5 3d.  07m.  which 
being  added  to  N  E.  makes  North  E.erly  p8d.  07m.orSouth 
Eafterly  8  id.  5  3m.  fo  that  the  Courle  from  E  to  A,  is  W*  by 
N*  4-  W.  back  to  the  Place  firft  failed  from.  And  again  5 
Hypotenufe  DE  **  Radius;  :  Leg  BE  *.  Sc  BED  or  AED 

85  Leagues  ..  S.  9od.  :  :  75  Leag*  ..  S.  6 id.  55m. 

Subtrafl  from*——* - - —  9od.  00m. 

Refteth  Angle  AED - ^iSd.  o^mT 

Which  fubtraft  from  the  South  Eafterly  8id.  53m.leavcth 
53d.  45m.  orSE.fE*  neareftfor  the/econd  ShipsCourfefrom 
D  to  E 

Thefe  are  the  kinds  of  Oblique  Quefhons ,  though  Multitudes 
may  be  propoled,  of  which  herefolloweth  a  Tafte,  toexercife 
the  Young  Learner  3  all  of  them  to  be  refolved  by  the  foregoing. 

Problem  5  .  Suppofe  a  Merchant-Jhip  in  45d.  30m.  North  Lati* 
tude,  falls  into  the  Hands  of  Byratesy  who  tak^e  away  his  Sea - 
Compafs  j  after  which  he  faileth  as  ditettly  as  he  can6q  Leagues 
between  the  South  and  Weft,  and  at  the  end  of  two  Days  meets  a  Ship 
ofjVar,  who  alfohad  been  the  Day  before  in  45ft.  30m.  North 
Latitude,  and  had  failed  thence  S  E.  by  S.  39  Leagues  3  now 
the  Merchant-flip  left  thofe  Pyrates  lying  to  and  fro  where  they 
robbed  himt  and  the  Man  of  Jpar  being  defrous  to  find  them  3 1 
demand  what  Courfe  he  muji  flape  to  fpeak  them  ? 

Anfw,  North  did.  Eafterly,  or  NE  byE.halfE, 

For  this  Problem  is  an  Oblique  Triangle ,  Two  Sides  and  One  An¬ 
gle  oppofte  given  5  to  find  the  Angle  oppofite  to  the  other 
Side  3  which  Triangle  is  thus  made. 

i*  Defcribe  a  Circle  with  the  Chord  of  do  Degrees,,  and 
quarter  if,  on  whofe  Diameters  fet  N.  E.  S*  W.  and  A  at  the 
Center  5  but  (always)  N.  at  the  upper  part,  and  at  E  the 
Right  hand  of  the  Circle. 

2.  Then  lay  3  Points  from  S  towards  E  on  the  Circle,  and 
d?aw  the  SE  by  S.  Line,  AD  39  Leagues  long. 

I  ii  K  >  '  »  * 


$.  With 


74  Plain  Sailing  the  third  cPart,  Chap,  III, 

3.  With  67.Leagues,  and  one  Foot  on  D,  with  the  other 
crofs  the  Line  WAE  (produced  to  the  EaftwardJ  in  C,  the 
place  where  the  Ship  fell  in  with  thole  Pyrates. 

4.  Then  a  Line  being  drawn  from  G  to  D  it’s  done  .•  For  A 
and  C  arc  both  in  theLatitudeof  4  ^d.  30m  and  AD  repre~ 
ferns  the  Man  of  War's  Courfe  and  Difiance,  and  CD  th  eMerchani- 
mans  after  he  loft  his  Cothpafs  •  fo  that  the  Angle  A  C  D 
being  meafured  on  the  Scale  f  Chords,  wilifhew  her  Courfe 
from  the  Weft  towards  the  South,  the  oppofite  point  is  the 
Man  of  War’s  Courfe  North  Eafterly,  to  find  thofe  Py-rates, 

Problem  6.  Loading  along  Shoar ,  I  fee  two  Capes  of  Land ;  the 

firfi  {did  by  the  Compafsj  hear  N.  the  jecond  WNW  then  1  flood 

away  NW  by  IN  9  Minutes, until  the  fir ft  beared  from  me  E  by  $• 

and  the  fecond  S  byEr  the  Bearing  andDjiaence  of  them  is  required • 

r'  V  %  '  r 

Anfw*  South  38d.  05m.  Wefterly  or  S.  W-  by  S,  §  W.  and 
N  E  by  N  t  E.  neareft,  Diftance  is  Minutes  6.2 2  Parts  of  a 
hundred. 

Note,  In  all  Queftions  of  this  Nature,  you  tnuft,  as  prepa¬ 
rative  Work,  find  the  Diftance  of  each  Cape  from  the  Ship  at 
firft  feeing  them,  or  at  laft  fetting  them  5  which  is  evident  by 
the  Projediion,  thus, 

1.  Having  drawn  a  Circle,  quarter’d  it,  and  placed  theLet- 
ters  N»$,  E,  W»  and  A:  as  directed  in  the  laft  Prob>  produce 
AN  up  higher,  becaufe  the  firft  Bearing  is  North.. 

2.  Lay  6  Points  from  N. towards  W,  and  draw  the  WNW. 
Line  for  the  fecond  Cape’s  Bearing 

3.  Lay  3  Points  from  N,  towards  W,  and  draw  theN  W.' 
by  N.  Line  9  Minutes  long,  from  A  to  D,  the  Ship’s  Courfe, 
and  Diftance. 

4.  Then  lay  7  Points  from  S  towards  E  and  laying  a  Scale 
on  it  and  A,  draw  an  E.  by  S.  Line  from  D,  parallel  to  the 
edge  of  the  Scale ,  to  cut  the  Notth  line  in  the  firft  Cape. 

5.  In  like  manner,  lay  1  point  from  S  towards  E,  and  lay  a 
Scale  on  it  and  A,  draw  a  $  by  £.  Line  from  D,  parallel,  to 
the  Ed.«e  of  th q  Scale,  to  cut  the  WNW.  Line  in  C,  the  Se. 
cond  Cape. 

6 .  Draw  a  Line  from  B  to  C,  and  it’s  done :  For  the  Line 
BC  reprefents  the  Bearing  and  Diftance  of  the' two  Capes  from 
each  other,  which  being  meafured  on  she  fame  Scale  AD 
was  taken  from,  will  fhew  their  Diftance  afunder.  And  the 

Angle 
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Angle  ABC  meafured  on  any  Seals  of  Chords,  will  fhew  their 
Bearing  to  be  South  Wefterly,  and  North  Eafterly. 

But  to  find  thefe  Things  by  Trigonometry,  it’s  neceflary  to 
find  the  Sides  AB  and  AC  5  or  elfe  the  Sides  DB  and  DC; 
which  is  done  in  two  Oblique  Triangles  ABD,  and  ACD,  in 
each  all  the  Angles,  and  one  Side  is  given,  to  find  a  Side, 
And  Note ,  A  reprefents  the  Place  of  the  Ship  at  firft  feeing 
the  Capes,  and  D  the  Place  at  laft  Setting  them. 

So  that,  when  the  Sides  AB  and  AC,  or  DB  and  DC,  are 
found  5  then  is  their  either  the  Oblique  Triangle  ABC,  or 
BuC  to  work  in  5  then  BC  (the  Side  common  to  both  Trian¬ 
gles)  with  its  agreeing  Angles  may  be  found, by  which  their 
bearing  and  Diftance  from  each  other  is  difeovered  *  And 
in  each  Triangle  there  is  two  Sides  and  one  Angle  between 
them  given  5  to  find  the  other  Angles,  and  third  Side  •  which 
is  to  be  wrought  as  the  third  Problem  of  this  SeBion. 

Problem  7.  Suppofe  a  Stbip  failing  NMT.  two  Iflands  appear  in  fi<rht, 
one  bears  WNW,  other  N.  from  the  Ship,  and  when  the  Ship 
hath  failed  6  Minutes  further ,  the  firft  bears  by  S .  and  the  o- 

ther  NE.  Their  Bearing  and  Difiance  is  required. 

Anfws  South  58d.  4tfm.  Wefterly,  or  SW.  byW.  \  W.  and 

N  E.  by  E.^  £.  Diftance  is  Minutes  9,7  Tenths.  Found  out 
as  before,  in  the  laft  Problem, 

Problem  8.  Three  Ships  fail  from  one  Port ,  the  fir  ft  fails  S  W.  by 
W.  the  fecond  W  by  S.  *  W.  and  the  third  NWiy  W.  8  Mi¬ 
nutes  *  then  the  firft  bearj  from  the  third  S  by  W.  the  fecond  bears 
from  the  third  S'  S  E.  T  he  firft  and  fecond  Ship's  Dijtance  jailed , 
and  their  Bearing  and  Diftance  from  each  other  is  required. 

Anfw.'  Firft  Ship’s  Diftance  Minutes  10.45,  Second’s  Di* 
ftanceMinutes  4.65,  their  Bearing  North  14m,  Eafterly, 
nr  ^E.  by  N.  ^E.andSW  byS^W.  Diftance  Minutes  6. 75* 
This  alfo  is  wrought  by  the  Dire& ion  of  the  6th  Problem, 

Problem  9*  ^dmit  failing  along  Shoar  1  fee  two  Head-lands ,  the 
Eajtermoft  bears  NN  E.  and  the  Weft  er  mo  ft  N  TV  off  me,  at 
the  fame  time  an  Ifland  bears  S.  then  after  I  failed  W  8  Minutes 
the  firft  did  bear  N  E  by  E.  ~  E  the  fecond  N  N  E.  and  the  L 
Jland  ESE  from  me  :  The  Bearing  and  Diftance  of  theje  Places 
from  each  other  are  required  ? 

Anfw*  The  Head-lands  bear  North  88d>  53m.  Wefterly  or 

JEaft 
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Baft  and  \V  neareft,  Diftance  Minutes  7*95,  The  Eaftermoft 
Headland  bears  from  the  Ifland  North  1 4c!.  50m.  Eaft,  or 
N  by  E.  i  E.  and  S  by  W  ~  W.  Diftance  Minutes  9.15,  and 
the  Weftermoft  Headland  bears  from  the  Hland  North 
32c!.  15m.  Weft,  or  N  W  by  N*  and  S  E  by  S.  Diftance,  Mi¬ 
nutes  10.6  Tenths. 

This  is  of  the  fame  Nature  with  the  lixth  Problem ,  only  here 
are  three  Things  to  be  found  as  preparative  viz.  the  Diftance 
t>t  each  Headland  and  the  Ifland  from  the  Ship,  and  confe- 
quently  in  three  Triangles  both  in  the  preparative,  and  lub- 
lequent  Work,  Proportions  are  made,  which  makes  up  Nine 
fcveral  Statings,  to  refolve  this  Problem , 

The  next  4  Problems  are  ufed  in  turning  to  Windward. 

Problem  10.  Suppoje  the  Wind  Souths  and  a  Ship  is  bound  to  a  Port 

400  Leagues  direBly  to  Windward,  and  makes  her  Way  good 

•within  6%  of  the  Windy:  I  demand  her  Difiance  failed  upon  each 

T*<k,  to  gain  the  faid  Port  ? 

Anfio.  §23  Leagues  is  the  Ship’s  Diftance  fail’d  on  each 
Tack.  For  it’s  thus  projeffed  by  Plain  the  Scale. 

5.  Belcrihc  a  Circle  with  the  Chord  of  60  Degrees,  quarter 
it  and  place  N.  S.  E*  Wa  and  A,  as  dire&ed  in  Prqb.  5. 

2.  Lay  400  Leagues  on  the  Meridian,  from  A  (Southerly) 
to  B>  the  Place  the  Ship  is  bound  unto 

3.  From  S  lay  6 f  Points  towards  E,  and  by  it  fromA,  draw 
the  ESEi  E.  Line  AC* 

4.  AHo  lay  6 1  Points  from  S  towards  W,  and  laying  a 
Scale  on  it  and  A,  draw  a  WTSW  \  W.  Line  from  B,  parallel 
to  the  edge  of  the  Scale,  to  cut  the  E  S  E  -J  E„  Line  in  C,  the 
Place  where  the  hip  Tackt,and  it’s  done  : 

For  A  rcprefents  the  Place  the  Ship  fails  from,  B  the  Port 
400  Leagues  direffly  to  Windwardi  AC  equal  to  CB,  the  Ship's 
Diftance  fail’d  on  each  Tack ;  which  being  meafured  on  the 
fame  Scale  AB  was  taken  from,  will  fhew  horn'  much  it  is. 

But  to  work  it  byTrigonometry,  in  theOblique  Triangle  A  BCg, 
all  theAngles  and  one  Side  AB  being  given,  the  other  Sides  AC 
and  CB  are  found  as  in  the  Firli  Problem  of  tnis  SeBton  :  And 
becaufe  two  Angle?;  are  equal,  the  Sides  oppofite  to  them  are 
%]fo  equal  5  therefore  one  Proportion  finds  AC  and  CB. 


Prob* 
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Problem  ir.  The  Wind  S.  W .  and  a  Ship  plying  to  W'indward^ 
(makjng  one  or  many  Boards)  having  run  900  Leagues  •  that  is , 
4^0  mth  the  Larboard -Tack,  aboard ,  450  with  her  Star¬ 

board  tack,  aboard,  it  got  500  Leagues  direBly  to  Windward  l 
I  dem  nd  how  near  the  Wind  jhe  makes  her  Way7. 

Jnfw.  70  b  52m.  or  6L  Points  from  the  Wind.  Which  is 
thus  delineated  by  the  Plain  Scale. 


1.  A  C  ircle  being  deferib’d,  quarter’d,  and  letter’d, as  hath 
been  dire£fec  in  the  former  Problems :  then  lay  4  Points,  from 
S,  towards  W,  and  by  it  and  A,  draw  a  (S*  W.j  Line  £00 
Leagues  long,  from  A  to  B. 

2  With  450  Leagues  (taken  from  the  fame  Scale  AB  was  ta¬ 
ken  from)  and  one  Foot  on  A,  make  an  Arch  $  alfo  with  the 
fame,  and  one  Foot  on  B,  crofs  the  former  Arch  inC. 

%  From  C  draw  Lines  to  A  and  B,  and  it’s  done  :  For  the 
Jngle  BAC  equal  to  the  Angle  ABC  meafured  on  any  Scale  of 
Chords,  fheweth  how  near  the  Wind  the  Ship  makes  her  Way 

But  by  Trigonometry,  thus  9  In  the  Triangle  ABC  all  three 
Sides  are  given,  to  find  theAngles,  which  may  be  done  by  the 
Fourth  Prob.ot  this  Sett.  Oth^rwife  thus  j  becaufe  AC  and  BC 
are  equal  ;  wherefore  let  fall  a  Perpendicular  from  C  to  the 
S.  W,  Line  AB,  as  AD  $  which  cuts  AB  in  the  middle,  ma¬ 
king  AD  1 50  Leagues  equal  to  BD,  and  fo  reduce  the  Oblique 
Triangle  ABC  into  two  equal  Right-Angled  Triangles,  AD 
and  BDC  :  whofe  Sides  and  Angles  in  each  Triangle  are  e» 
qual  to  one  another  ;  fo  that  one  Proportion  ferveth  to  an- 
fwer  the  Queftion. 

For  in  the  Right-Angled  Triangle  ACD,  there  is  given  the 
Hypotenufe  A  J  450  Leagues,  and  Leg  AD  150  Leagues  5  to 
find  the  Angle  CAD  which  is  equal  to  the  Angle  CBD  (the 
Ship's  Courfe  from  the  Wind)  which  is  done  by  Axiom  1.  of 
Plain  Trigonometry ,  thus 

Hypot.  AC  ..  Radius  :l  Leg  AD  ..  S.  A  CD— BCD 

450  Leag,,  ..  S.  9od. : :  15 oLeag.  ••  S.  ipd  28m. 

Which  fubtrad  from-* -  „  ■  — —  9od.  00m. 

Remainder  is  the  Angle  CADzr  ABC  7od.*  32m.  or  6  Jpts® 
the  Ship’s  Courfe  from  the  Wind  SW. 


Prob, 
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Problem  12.  ddmit  a  Ship  bound  to  a  Port  that  lieth  S  W  by  S„ 
484  Leagues  Difiance ,  the  Wind  $  by  £.  and  makes  her  way  zood 
Within  6%  Points,  of  the  Wind  1  demand  how  far  Jhe  muft  fail 
upon  each  Tack,  to  gain  the  Port  ? 

Jnjw.  690  Leagues  on  her  Larboard  Tack,  and  328  Leag, 
on  her  Starboard  Tack.  Thus  demonftrated  by  th ePlainScale 

1.  The  Circle  defcrib’d,  quarter'd,  6 V.  as  formerly,  lay 
I  Point  from  S  towards  E.  and  by  it  and  A,  draw  a  S  by  E. 
Line  AR  reprefenting  the  Wind. 

2.  From  S  towards  W,  lay  3  Points,  and  by  it  and  A  draw 
a  S  W  by  S  Line  484  Leagues  long,  from  A  to  C. 

3.  From  the  Wind  (S  by  E.Jlay  6~$  Points  towards  W,and 
by  it  and  A  draw  a  (S  W  by  W.  |  W.J  Line  AD. 

4.  Likewile  lay  6\ Points  from  the  Wind  (S  by  E)  towards 
E,  on  it  and  A ,  lay  a  6cale  $  then  from  C  draw  a  (E  by  S  \  E.) 
Line  to  cut  the  Wind,  (S  by  E-)  Line  in  B,  and  the  S  W,  by 
W  ~  W.Line  in  D,  and  it's  done.  For  AD,  and  DC  repre- 
lents  the  Ship's  Diftance  Sail’d  on  each  Tack,  which  being 
meafured  on  the  fame  Scale  AC  was  taken  from,  will  fhew  how 
much  the  Diftanfe  Sail’d  on  each  Tack  is, 

By  Trigonometry  it’s  thus:  In  the  Oblique  Triangle  ACD,  all 
the  Angles  and  one  Side  is  given  3  to  find  the  other  two  Sides, 
which  is  done  by  the  firft  Prok  of  this  Seftion,  in  Page  71. 

As  S.  ADC..  Side  AC  :  :  S*  A  C  D  ..  Side  A  D 
$.  3!  Points  *’484  leag. :  ;S.ioJ  Points  •*  690  Leagues  is^ 
the  Diftance  fail’d  on  her  Larboard  Tack 
As  S.  ADC**  Side  AC  : :  Sine  CAD-  Side  C  D. 

5.  3§  Points  ••  484  leag.  s:  S,  2-Points  ..  328  Leagues,  is 
the  Diftance  fail’d  on  the  Starboard  Tack. 

problem  13.  If  two  Ports  lie  S  W  by  S*  and  N  E  by  N«  Diftance 
484  Minutes ,  the  Wind  S  by  E.  and  a  Ship  fails  from  the  North- 
ermoft  Port  clofe  upon  a  Wind  695  Minutes,  with  her  Larboard - 
Tack,  aboard ,and  332  with  her  StafboafdTack  aboard ,  and  then 
arrives  at  the  Soutbermoft  Port .  I  demand  how  near  the  Wind 
Jhe  makes  her  ot Jay  good  upon  each  Tack  ? 

Anjw,  7od.  30m,  on  one  Tack,  and  7od.  40m  on  t’other  5 
which  is  6i  Points  from  the  Wind;  that  is  S  W.  by  W.£W. 
with  her  Larboard  Tac^,  and  E  by  S.^E,  with  her  Starboard 
Tack,  Thus 
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Thus  done  by  the  Plain  Scale. 

1.  Defcribe  a  Circle  with  a  Chord  of  do  Degrees,  quarter 
it,  ctt.  as  formerly,  then  lay  3  Points  from  S  towards  W, 
and  by  it  and  A  draw  a  S  W  by  S  Line  484  Minutes  long, 
from  A  to  B. 

2.  Lay  1  Point  from  S  towards  E,  and  by  it  and  A  draw 
the  S  by  E.  Line  AC. 

3.  With  69  5  Minutes  (taken  from  the  fame  Scale  AB  was  ta¬ 
ken  fron^)  and  one  Foot  on  A  make  an  Arch  3  alfo  with  33a 
Minutes,  and  one  Foot  on  B,  crofs  the  former  Arch  in  D. 

4.  From  Ddraw  Lines  to  A  and  B,  and  continue  the  Line 
BD,  till  it  cuts  the  S  by  E.  Line  AC  in  C,  and  it’s  done  : 
For  the  Angles  DAC,  and  ACD  meafured  on  the  Scale  of  Chords 
or  Rumbs ,  will  fhew  how  near  the  Wind  the  Ship  makes  her 
Way  good  on  each  Tack. 

By  Trigonometry ^  it’s  thus:  In  the  Oblique  Triangle  ABD# 
all  the  Sides  are  given,  to  find  theAngles^  that  is,  AD  695  Mi* 
nutes,  AB  484,  and  BD  332  5  to  find  the  Angles  I  AD,  and 
BDA  3  which  is  done  by  the  Fourth  Prob .  of  this  Seft.  in  Pages  7a 
and  73. 

The  next  Problems  are  concerning  Currents' 


Problem  14.  Suppoje  a  Current  fets  NNE.  7  Minutes  in  a  certain 
time ,  and  a  Ship  fails  S  S  W.(  by  the  Log )  9  Mmutes  in  tbe  fame 
time  ?  What  is  her  true  Courfe  and  Diftance  ? 

Anfw.  SSW.  is  the  Ship’s  trueCourfe,  and  Diftance  1  Mi¬ 
nutes  :  Which  is  evident  by  the  Plain  Scale ,  thus  3 

1.  Having  done  as  formerly  as  ciire£l:ed,  in  making  a  Circle, 
Lay  2  Points  from  S  towards  W,  and  by  it  and  A  draw 

a  SSW*  Line  9  Minutes  long,  from  A  to  B. 

2.  With  7  Minutes  (taken  from  the  fameiSVW*  AB  was  ta¬ 
ken  from )  and  one  Foot  on  B,  crols  the  Line  AB  in  C,  fo  that 
BC  may  be  NNE.  and  it’s  done  :  For  AC  meafured  on  the 
fame  Scale,  fheweth  the  Ships  true  Diftance,  Or  thus, 

From  the  Ship’s  fuppofed  Diftance  SSW.  9  Min.  AB 
Subtraft  the  Current’s  Motion  NNE.  i  Min  BC 


Remains  the  Ship’s  true  Diftance  SSW.  2  Min.  AC 
The  like  is  done  for  the  two  next  following  Problems. 


Problem  15  .If  a  Current  fet  £.  4  Min.  an  Hour ,  a  Ship  fails  E. 
( by  the  Log)  5  Minutes  m  an  Hour  :  The  Ship's  true  Courfe  and 
Diftance  is  required . 

Anf  w  The  Ship’s  true  Courfe  isEaft,  Diftance  9  Minutes. 

Prob; 


So  Plain  Sailing,  the  third  Part  Chap-  III. 

Prob.  16,  A  Current  fettin g  W  S  W.  po  Minutes  in  a  known  time, 
and  a  Ship  failing  E  N  E-  ( by  the  Log)  60  Minutes  in  the  Jame 
time:  What  is  her  true  Courje  and  Hi  fiance  ? 

Jnjw.  W  S  W  50  Minutns  $  fo  that  fhe  is  fallen  a  Stern 

Prob.  17.  Suppofe  a  Current  fetetth  E.  2  Minutes  an  Hour,  and  a 
Ship  fails  S'  6  Minutes  an  Hour  :  What's  her  true  Courfe  and  Di- 

flance  ?  .  , 

Aifw.  South  iSd.atfm.  Eafterly,  or  S  by  E.  J  E,  is  the  Ship’s 

true  Courfe,  Diftance  min  y£*. 

%  V 

By  the  Plain-Scale  it's  thus  demonft  rated. 

1.  After  a  Circle  is  defer ibed,  ere,  as  formerly,  then  lay  6 

Minutes  on  the  Meridian  from  A  to  B. 

a.  Draw  BC  parallel  to  WAE,  and  thereon  lay  2  Minutes 

from  B  (towards  the  Right-hand;  to  C. 

2.  Then  draw  a  Line  from  A  to  C,  and  it’s  done  ;  for  the 
Angle  BAG  is  the  Ship’s  true  Courfe,  and  AC  her  true  Diflame. 

By  Trigonometry  it’s  thus  ;  the  Triangle  ABC  is  a  Right" 
angled  Triangle,  in  which  both  Legs  are  given,  to  wit,  AB 
6  Minutes,  the  Ship’s  fuppofed  Diftance,  and  BC  2  Minutes, 
the  Current’s  Motion, to  find  the  Angle  BAG  her  true  Courfe, 
and  AC  her  true  Diftance  ;  which  is  done  by  Axiom  the  Firft 
of  Plain  Trigonometry. 

In  like  manner,  Problem  18  and  19  is  performed. 

Problem  18,  If  a  Ship  fails  (five  Days  together )  by  the  Log,  S.W. 
715  Minutes  :  In  a  Current  that  fettethfiu  the  jame  time)  S.  E« 
280  Minutes :  What’s  the  true  Courfe  and  Diftance  ? 

Anfw.  South  **d.  52m.  Wefterly,  or  SSW.  is  the  Ship’s 
true  Courfe,  Diftance  775  Min* 

Problem  19,  Admit  a  Ship  fails  W.  75°  M***"  thwart  a  Cur¬ 
rent  fetting  to  the  Southward  5  and  then  hy  Ohfervation  findeth 
the  Difference  of  Latitude  is  4d,  or  24®  Minutes ,  1  demand  her 
true  Courfe  and  Diftance. 

Anfw.  South  7  id.  48m.  Wefterly,  or  W  S  W.  |  W.  is  the 

Ships  true  Courfe,  Diftance  7  S8  Minutes, 

r  Prob. 
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Problem  20.  If  a  Strip  fails  S,  hy  E  2 6  "Minutes  in  a  Current,  and 
then  arrived '  at  a  Port  which  lietb  from  the  Place  fie  departed 
fiom  S,  K.  try  S.  Diftance  >  4  Minutes  ;  /  demand  the  Currents 

Motion  both  m  duality,  and  Quantity  e  that  is,  how  it  lettetb 
and  how  faft. 

An\w.  Current  fetteth  South  6-ji.  20m  Eaft,  orE.  S.E  is 
the  Drift  of  the  Current  as  toQuality  andMinutes,  24.9  Tenths 
is  its  Drift  as  to  Quantity.  By  the  Plain  Scale,  thus, 

1.  As  before,  having  defcribed  a  Circle,  ere.  Lay  1  Point 
from  S.  towards  E,  and  by  it  and  A,  draw  a  S.  by  E.  Line  %6 
Minutes  long,  from  A  to  Bs 5 

2.  Lay  $  Points  from  S*  towards  E,  and  hy  it  and  A,  draw 
a  S.  E.  by  S.  Line,  54  Minutes  long  from  A  to  C. 

3.  Then  draw  a  Line  from  B  to  C>  and  its  done:  For  the 
Angle  A  C  B  meafured  (on  the  Scale,  Jfheweth  the  Current’s 
Motion  as  to  its  Quality,  which  way  from  the  S,E.  by  &  and 
the  Side  BC  meafured  (on  the  Scaiej  fheweth  the  Current’s 
Motion,  as  to  its  Quantity,  how  much,  or  how  tafL 


But  by  Trigonometry,  it’s  thus. 

In  the  Oblique  Triangle  ABC,  there  is  given,  two  Sides 
and  an^ncluded  Angle  5  that  if,  the  Side  AB  3  6  Minutes,  the 
Side  AC  5 4  Minutes,  and  the  Angle  BAG  two  Points  or ’2 2d, 
30m.  to  find  the  Angles  ABC,  ACB  and  the  Side  BC  •  which 
is  done  by  the  third  Problem  of  this  Se&ion.  3 


Problem  2  r„  Suppofe  a  Ship  fails  from  a  terta'n  Cape ,  or  Headland 
and  (by  the  Log)  in  24  Hours ,  runneth  $  S  W,  49  Minum  in  & 
Current  fating  between  the  N.  and  the  W.  and  then  the  Cape  did 
bearE  N.  E*  and  by  Obfervation ,  the  Ship's  Difference  cf  Lati¬ 
tude  was  30  Minutes ,  /  demand  the  Current's  Motion  3  that  is3 
Upon  what  Point  of  the  Compafs)  and  how  faft  ? 

The  Current  fets  North  74d.  07m.  Weft,  or  WN 
Pftg  2  W*  neareft,  and  at  the  Rate  of  Minutes  2.32  an  Hour® 
I  bus  demonlirated  by  the  Plain  Stale. 

1.  After  the  Circle  is  defcribed,  quartered,  0V.  lay  two 
Points  from  $  towards  W,  and  by  it  and  A,  draw  a  S.'S.  VV* 
Line  49  Minutes  long,  from  A  to  B. 

2.  Lay  fix  Points  from  S  towards  W  and  by  it  and  A  draw 
a  W.  S  W.  and  E  N-  E,  Line  AC. 


F 
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3.  Lay  50  Minutes  on  the  Meridian  AS  from  A  to  D,  and 
from  D  draw  aWeft  Line  parallel  to  AW,  to  cut  the  WS  W  ^ 
Line  in  C- 

4*  Then  draw  a  Line  from  B  to  C,  and  it’s  done  :  For  the 
Arable  ABC  being  meafured  on  the  Scale,  fheweth  the  Cur¬ 
rent’s  Motion  from  S-S,  W.  and  the  Side  BG  being  meafured 
fheweth  how  faff. 

By  Trigonometry  it’s  thus  3 

1.  In  the  Right  Angle  Triangle  ADC,  there  is  given,  the 
Leg* AD  30  Minutes,  Angle  DAC  6  Points,  and  Angle  ACD 
z  points  5  to  find  the  Hypotenufe  AC,  which  is  done  by  Ax¬ 
iom  Fird  of  Plain  Trigonometry 

Then  in  the  Oblique  Triangle  ABC,  there  is  given, 

,  the  Side  AB  49  Minutes,  the  Side  AC  found  before,  and  the 
included  Angle  BAG  4  Points  or  45d.  to  find  the  Angle 
ABC,  (the  Current’s  Motion  from  S.  S.  W.)  and  the  Side 
BC,  it’s  Motion  how  fad* 

Let  this  fuffice,  for  ftho*  many  more  Problems  might  be 
invented  in)  the  Firth  Part  of  Navigation,  commonly  called 
Plain-SaiUng%  Mercator* &-$ ailing  is  next  in  order. 


c  H  A  P.  IV. 

tflje  Second  Part  of  Navigation,  or  the  Do&rrne  of  Plain 
Right  Angle-Triangles,  applied  in  Problems  of 
Me rcatorVS ailing.  , 

I  Count  it  neceflary  to  defcribe  Mercator's- Chart,  and  {hew 
the  Ufes  of  it,  before  the  Problems  of  Sailing  by  it,  which 
by  this  Method  will  the  eafier  be  underfiood, 

3e£L  L  The  Dejcript ion  and  Ufe  of  MercatorVChart. 


THIS  Pro]eBion  fuppofeth  the  Earth  and  Sea  to  make  one 
round  Body  or  Globe ,  in  order  to  the  right  undemanding 

of  it?  obferve  the  following  Definitions.  . 

1 .  Upon  this  Ear  Aly  Globe  is  imagined  two  opofitePoin  ts, 

one  called  the  North  Pole,  the  other  the  South  Pole  3  as  P, 

and  L  plate  5.  Fig.  1.  11  ,  J* 

2.  In  the  middle  between  thofe  two  Poles  or  equally  rti- 

flant  from  each,  is  drawn  a  Line  round  the  Globe,  called  the 
*  Equator, 
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Equator,  from  which  Latitude  taketh  its  beginning  and  in 
which  Longitude  is  reckoned  •  as  M  AQ,  °  *’ 

.  v  Any  Circle  drawn  through  both  Poles,  is  called  a  Me¬ 
ridian,  as  PMI,  PNI,  CPc.  anfwerable  thereunto  is  any  North 
or  South  Line  drawn  in  the  Chart. 

4.  Thole  Circles  which  are  parallel  to  the  Equator,  are 
called  Parallels  of  Latitude  5  as  altyz,lt,  &V.  and  are  re- 
prefented  in  the  Chart  by  the  Eaft  and  Weft  Lines. 

5.  Latitude  of  a  Place- is  the  (neareft)  Diftance of  any  Paraf- 
lel  pafting  over  it  from  the  Equator  $  from  thence  counted 
both  ways  to  each  Pole,  ending  in  90  Degrees  the  greateft 
Latitude. 

6.  North  Latitude ,  is  on  that  Side  the  Equator  towards 
the  North  Pole,  and  South  Latitude  on  the  other  Side  of  the 
Equator,  towards  the  South  Pole. 

•  7»  Difference  of  Latitude ,  is  the  (neareft )  diftance  between  any 
two  Parallels,  and  fheweth  how  far  one  Place  is  to  the  North- 
ward  or  Southward  ot  another^  it  never  exceeds  1 80  Degrees. 

8*  Longitude,  is  reckon’d  in  the  Equator,  round  which  (by 
fornej  it’s  counted  encreafing  to  the  Eaftward  till  it  end 
(where  itfirft  began)  in  360  Degrees  thegreateft  Longitude  : 
Others  (as  Mr.  /Vakelyfm  hi  scanner's  Compaft  ReBified)  reckon 
it  from  one  Meridian  both  Eafterly  and  Wefterly,  till  both 
Accounts  meet  at  180  Degrees  in  the  oppofite  Meridian,  as  the 
aforefaid  Book  begins  Longitude  at  the  Meridian  of  London , 
and  from  thence  counting  Eafterly,  Eaft  Longitude  180  De¬ 
grees,  and  Wefterly,  Weft  Longitude  180  Degrees,  at  which 
both  Longitudes  end. 

9. 'Difference  of  Longitude,  is  that  Diftance  or  Portion'd?  the 
Equator  contained  between  the  Meridians  of  any  two  Places, 
and  fheweth  (in  the  Equator)  how  far  the  Meridian  of  one 
Place  is  to  the  Eaft  ward  or  Weft  ward  of  the  Meridian  of  ano¬ 
ther,  and  never  exceeds  180  Degrees. 

From  tbefe  Definitions,  or  Principles,  there  muft  neeeftari- 
ly  follow  thefe  Theorems „ 

r.  The  Diftance  of  any  two  Meridians,  in  any  Parallel  of  Lati¬ 
tude,  is  leffer  than  their  Diftance  in  the  Equator. 

1*  The  Degrees  of  Longitude  deminifh  towards  each  Pole  3 
and  the  nearer  the  Pole,  the  Idler  they  are* 

/  F  % 
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3.  The  Degrees  of  Latitude  are  equal  in  all  Places  or  Parts 
of  the  Globe. 

4.  The  Plain  Chart,  which  counteth  the  Degrees  as  well  of 
Longitude,  as  of  Latitude  in  all  Places  to  be  Equal,  is  noto- 
riouly  Falie. 

5.  Mr.  Wright9 s  Projection  (commonly  known  by  the  Name 
of  Mercator  $  Chart)  wherein ,  though  the  Degrees  of  Longitude 
are  equal,  having  the  Meridians  Parallel  to  one  another  3  the 
Degrees  of  Latitude  are  inlarged  towards  each  Pole,  in 
the  fame  Proportion  as  the  Degrees  of  Longitude  diminifh  on 
the  Globe,  which  will  in  all  refpe£!s  agree  with  the  Globe* 
and  is  a  true  way  of  Sailing,  let  feme  fay  what  they  will  to 
the  contrary. 

Thefe  ITefinitions  and  Theorems  duly  confider*d,  there  needs 
no  more  for  the  Defcnption  of  this  Chart ,  it  having  only  this 
Difference  from  the  Plain  Chart ,  before  defcribed  in  Chapter  3 . 
SeBion  2,  Page  53.  that  the  Equator  is  divided  and  numbred 
in  Degrees,  as  the  graduated  Meridian  is  3  and  without  any 
further  Defcription,  the  Ufes  are  as  follow. 

Problem  I-  To  find  the  Latitude  of  any  Place  in  the  Charts 

This  was  taught  before  in  the  Ufe  of  the  Plain  Charts  in  page 
54,  and  needs  no  further  Ride  or  Example 8 

1  <  n  • 

Problem  2»  To  find  the  Longitude  of  any  Place  in  the  Chart. 

The  Rule  u  Take  the  neareft  Diftanee  from  the  propofed 
Place  to  any  Meridian. 

2.  Move  the  Compares  (being  kept  at  that  DiftanceJ  with 
One  foot  on  the  Meridian,  till  both  feet  come  to  the  Equator* 
and  the  Foot  which  flood  on  the  propofed  Place  fheweth  its 
Longitude  required,? 

Example .  I  demand  the  Longitude.of  the  Lizard  in  England P 

jfafwer.9 d<4om  according  to  the  old  Way  of  computing  the 
Longitude  from  fhe  Meridian  of  Pico  Tenerijf:  But  5d.  241T& 
Weft  Longitude?  counting  Eaft  and  Weft  Longitude  from  the 
Meridian  of  Londm3  according  to  the  Mariners  Compafs  Refit* 
fiel  '  , 


)•  / 
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Note,  SomeCharts  Degins  Longitude  at  the  counting 

from  thence  Eaftward  arid  Weft  ward; 

Problem  3, To  find  the  Courfeor  Bearing  of  any  two  Places  In 

the  Chart. 

This  is  done  as  before  in  the  Ufe  of  the  Plain  Chart,  in  Page 
55,  and  needs  no  Example, 

Problem  4.  To  find  the  Diftance  of  any  two  Places  in  the  Chart* 

In  this  Problem  are  four  Cafes;  the  two  Places  may  be  fitua- 
ted  under  one  Meridian,  under  the  Equator,  or  in  one  Pa*5 
rallel,  or  they  may  differ  both  in  Latitude  and  Longitude* 

Cafe  1.  Two  Places  under  one  Meridian,  (that  is>  they  differ  only 
in  Latitude )  being  given  to  find  their  Difiance, 
m  Rule.  Find  the  Difference  of  Latitude  between  the  two 
given  Places,  and  it’s  the  Diftance  required. 

How  to  find  the  Difference  of  Latitude  between  the  two 
Places,  has  been  taught  in  Chapter  3 ,  Seffion  $}of  Plain  Sailings 
in  Page  5-8.  • 


Cafe  2*  Two  Places  in  the  Equator  given*  to  find  their  Diftance* 

The  Rule.  Find  the  Difference  of  Longitude  between  thems 
and  it’s  the  Diftance  required, 

.  t0  the  Difference  of  Longitude,  will  be  fhewed 
in  the  next  Seftionr  in  Page  8ps 


Cafe  3  Two  Places  in  one  Parallel  (that  is ,  they  differ  only  in 
Longitudefteing  given%  to  find  the  Diftance . 

The  Rule  1.  Take  the  Diftance  between  the  given  Places  in 
the  Compares. 

z.  Lay  that  Diftance  on  the  graduated  Meridian,  fo  that 
one  Foot  may  he  as  many  Degrees  above  the  Parallel  of  the 
given  Places,  as  the  other  below  it  5  there  ftay  the  Compares* 

3*#  Count  the  Degrees  between  the  Feet  of  the  Compares 
and  ifs  the  Diftance  required. 

Example.  I  demand  the  Diftance  from  the  Lizard  in  England*, 
fo  Pengwin  Ifland  on  the  Coaft  of  New-found4andi  both  being 
in  the  Latitude  of  50$,  QQm,  North ,  or  mark. 
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Here  the  Difiance  from  the  Lizard  to  Pentium  Ifland,  appli¬ 
ed  to  the  Meridian  as  direcled,  will  reach  from  3  (5d.  30m.  to 
63d.  30m.  the  latter  being  as  much  above  5od.  00m*  as  the 
former  is  below  it  3  and  the  Degrees  intercepted  are  27  De¬ 
grees,  or  540  Leag.  which  is  the  Diftance  required-  Or  thus, 

Take  the  Length  of  a  Degree  in  the  given  Latitude,  as  here 
from  4  9d.  30m.  to  5od.  30m,  turn  that  over  in  a  Streight- 
Line  from  the  Lizard  to  Penguin  Ifland,  and  it5s  27  times  5 
which  file w$  the  Diftat^e  27  Degrees  as  before. 

Cafe  4,  Two  Places  differing  in  Latitude  and  Longitude  being  gi- 

venf  to  find  their  Diftance 

The  Rule  1.  Take  their  Difference  of  Latitude  from  the 
Equator.  < 

2.  Lay  a  Ruler  on  both  given  Places,  apply  that  Difiance 
fo  to  the  Ruler's  Edge,  that  when  one  Foot  is  placed  clofe  to 
the  Ruler,  and  the  other  turned  about,  it  may  juft  touch  feme 
Eaft  and  Weft  Line,  crofted  by  thefaid  Ruler’s  Edge,  there 
fiav  the  Compaffes. 

3.  Then  the  Diftance  (by  the  Ruler's  Edge)  from  the  Place 
where  the  Compaffes  refted,  to  that  Place  where  the  Ruler 
crofleth  the  aforefiid  Eaft  and  Weft  Line,  meafured  on  the 
Equator,  giveth  the  Diftance  required. 

Example* 

I  demand  the  Diftance  f  om  the  lizard  to  the  Ifland  Berbadoes? 

The  Lizard's  Latitude  is  - 5cd.  ocm.  \  ^  Prok  I 

AndBerhadoes  Latitude  is—-  13d.  oom*  f  * 

Their  Difference  of  Latitude  3yd  00m. 

Then  raketheir  Difference  of  Latitude  37  Deg.  from  the 
Equator,  and  laying  a  Ruler  on  both  Places,  apply  one 
Foot  of  the  Compaffes  fo  to  the  Ruler’s  Edge,  that  turn¬ 
ing  the  other  about,  it  touchefti  an  Eaft  and  Weft  Line,crof- 
fed  by  the  Ruler  3  then  the  Diftance  fby  the  Ruler’s  Edge) 
from  the  Place  where  the  Compaffes  refted  to  the  Place  where 
the  Ruler  croffeth  the  aforefaid  Eaft  and  Weft  Line,  meafu- 
red  on  the  Equator  is  5^d,4om.  or  1133  Leagues,  the  Di¬ 
ftance  required. 

And  here  obferve  3  the  Meridian  Line,  and  Line  of  Equal 
Parts  next  one  another  on  the  Gunter  3  the  firft  is,  or  may  be 
the  Meridian,  and  Degrees  of  Latitude  in  a  Mercator* s  Chart  3 
thv  latter,  the  Equator  Line  and  Degrees  of  Longitude. 

Thts§ 
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Thus  much  for  the  Ufe  of  "Mercator  s-Cbarty  Problems  of 
Sailing  by  it  is  next  3  but  firft  fome  preparatory  Problems  in 
Geography. 

Section  II.  Some  necefiaty  Geo^ravhical  Problems  ufful  m  Merca» 

torVSailing. 

TpHefe  Problems  properly  belong  to  Geography,  but  are  ne~ 
*®*  cefCary  in  Sailing  by  Mr-  Wright's  ( commonly  called 
Mercator's )  Chart,  and  for  that  Reafon  are  placed  here. 

Note  5  That  all  the  Places  mentioned  in  this  Book,  their  La¬ 
titudes  and  Longitudes  were  taken  from  a  Chart,  Intituled* 
MNeiv  and  ex zil  Chart ,  containing  the  Sea-Coafi  of  Europe,  A- 
frica,  and  America  3  from  Englandfto  Cape  Bona  Efperance, 
and  from  New-found-land  to  the  Straits  0/ Magellan,  accord¬ 
ing  to  Mr*  Edward  Wright’*  Projeftion,  and  publified 
by  J.  Thornton,  W»  Fifher,  J.  Seller,  J.  Colfon,  and  James 
Atkinfon, 

This  Chart  has  been  new  made  and  lately  correfled,  where¬ 
in  the  Longitude  of  Places  is  reckoned  from  the  Meridian  ot 
London ,  agreeing  with  the  Mariners  Gompafs  Rectified :  As  for  the 
difagreement  that  may  be  found  Between  it  and  Tables  of  La¬ 
titude  and  Longitude  in  other  Books, ’tis  not  to  be  regarded  ; 
becaule  the  Tables  themfelves  confiderabiy  differ  from  one  a- 
nother,  as  may  appear  by  the  following  Problems. 

Problem  1.  The  Latitude  of  two  Places  given  5  to  find  their 
Difference  of  Latitude 

Rule  1.  If  the  two  Places  are  upon  the  fame  Side  of  the  E- 
qutor,  that  is,  both  in  North  Latitude,  or  both  in  South 
Latitude  3  fubtraft  the  lefTer  Latitude  from  the  greater,  the 
Remainder  is  the  Difference  of  Latitude. 

Rule  i‘  If  one  Place  be  on  one  Side  of  the  Equator,  and 
the  other  Place  on  t’other  Side  5  that  is,  one  Place  in  North 
Latitude,  the  other  in  South  3  add  the  two  Latitudes  toge¬ 
ther,  and  the  Sum  is  the  Difference  of  Latitude. 

Ob/erve.  If  a  Ship  fails  from  a  great  North  Latitude  to 
a  leffer,  fhe  fails  Southerly  3  and  if  a  Ship  fails  from  a  lefs 
North  Latitude  to  a  greater,  file  fails  Northerly,  which  is  cal¬ 
led  railing  the  Pole. 

F  4  *.  If 
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2.  If  a  Ship  fails  from  a  great  South  Latitude  to  a  Ieffer, 
fhe  fails  Northerly  5  but  if  fhe  fails  from  a  lefs  Sowth  Lati¬ 
tude  to  a  greater  (he  fails  Southerly. 

3;  When  a  Ship  erodes  the  Equator,  and  fails  from  North 
Latitude  into  South,  the  Difference  of  Latitude  is  Southerly  • 
or  if  fhe  fails  from  South  Latitude  into  North,  fhe  fails 
Northerly. 


Example  I.  I  demand  the  Difference  of  Latitude  between  the  Li¬ 
zard  and  Ifland  Berbadoes. 

TlWzf  ]■  L““J'  {  — 

Their  DifE  of  Latitude  by  Subtraction  35m.  equal 
to  219  5  Minutes. 


Example  z .  To  find  the  Difference  of  Latitude  between  Ifland 
Berbadoes  and  Ifland  St.  Hellena* 

Ifland  /  l  in  Latitude  |  ~ 1  2  *m- 

\3t.Hellenah  £ » i #d.  oom.  South 

<■ 

Their  DifF.  of  Latitude  by  adding,  is—-  zyd.  25m.  equal 
to  1765  Minutes. 


Problem  i.  The  Latitude  of  one  Place,  and  the  Difference  of  La¬ 
titude  between  that  and  another  Place  being  given  3  to  fnd  the 
Latitude  of  the  latter  Place . 

T beRuU. 

^  The  Latitude,  and  Pjf&rence  of  Latitude  given,  being  of 

a  contrary  f  Name»  thcHp!ff.  f  *s  the  Latitude  required. 

Or  thus  in  two  Rules, 

ln^°r*|-Lat.faiUngtothe^o0u^  ^ ward,  add 

the  Difference  of  Latitude  to  the  given  Latitude,  the  Sum  is 
the  Latitude  required,  of  the  fame  Name. 

R“le  2,  In^  f0°rtJ  }Lat.  failing  to  the  f  ward,  fub- 

tra£f  the  leffer  from  the  greater,  the  Remainder  is  the  requi¬ 
red  Latitude,,  of  the  fame  Name  that  the  gmter  is. 

Exampl^ 
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Example  i.  Sailing  from  the  |fland  Berbadoes  North  Ea(W 
'ward,  until  the  Difference  of  Latitude  he  37 z  Leagues  3  What 
Latitude  is  the  Ship  in  ? 

I  Berbadoes  Latitude  is— . ■■■<**'  .——13d*  25m.  North 

The  Difference  of  Lat.  ^/aLeag.  or  i8d.  35m.  Northerly 

Add,  is  the  Latitude  the  Ship  is  in  — 3 id.  aim.  Northerly 

Example  2.  From  the  Lizard,  a  Ship  fails  Sout  h  leftward,  until 
the  Difference  of  Latitude  be  137  Leagues  3  •what  Latitude  is  the 
Ship  in  2 

The  Lizard  Latitude  is  — *■ —  »  5od»  oom*  North 

The  Difference  of  Latitude  1 37  Leag.  6d.  51m.  Southerly 

The  Lat.  the  Ship  is  in  by  Sub.  is— 4.3d.  09m.  North 
Example  3.  From  St‘  Hellena  a  Ship  fails  North  weft  wards,  until 
the  Difference  of  Latitude  be  419  Leagues  3  what  Latitude  ij  the 
Ship  in  ? 

I.  St.  Hellena  Latitude  t  s «— **  —  itfd.  00m.  South 

The  Difference  of  Lat.  4 19  Leag,  or  2od.  5  7m.  Northerly 


*4d.  57m.  North 


Latitude  the  Ship  is  in 

Problem  3*  T he  Longitude  of  two  Places  given  3  to  find  their  Dif¬ 
ference  of  Longitude. 

1.  A  Ccording  to  the  old  Way  of  counting  the  Longitude, 

The  Rule  is  thus  3 

Subtrad  the  leffer  Longitude  from  the  greater,  the  Remain¬ 
der  (ii  Iefs  than  i8oDegreesJ  is  the  Difference  of  Longitude  3 
but  if  the  Remainder  be  more  than  180  Degrees,  fubtraft  it 
from  360  Degrees,  the  lad  Remainder  is  the  Difference  of 
Longitude. 

2.  According  to  the  new  way  of  counting  the  Longitude  in 
the  Mariners  Compafs  Re&ified.  TheRule  is  thus  5 

If  both  Longitudes  be  Eaft,  or  both  Wed,fubtra£t  the  lef¬ 
fer  from  the  greater,  the  Remainder  is  the  Difference  of  Lon** 
gitude  3  but  if  one  be  Eaff,  and  the  other  Wed>  add  them 
together,  and  the  Sum  if  it  exceed  not  180  Degrees )  is  the 
Difference  of  Longitude  3  and  when  the  Sum  doth  exceed 
j8o  Degrees,  fubtra&  it  from  360  Degrees,  the  Remainder  is 

the  Difference  of  Longitude  required*  „ 

“  '  "  '  "  •'  "  Exa  mpie. 
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Example  i.  1  demand  the  Difference  of  Longitude ,  between  the 
Lizard  and  Ijland  Teneriffa,  one  of  the  Canary  Iflands. 

d-  m. 

According  to  the  old  Account,  Long  of  <{  o  oo 

Their  Difference  of  Longitude  by  Subtra6Hon  is-- — ~  9  42- 

24W 
05W 


According  to  the  MarXompaft Long*  of  ^  ^  j'm(?iff' 


f  Lizard  is  5 

17 


TheirDIfference  of  Longitude  by  SubtraRion  Is—  —12  41 

The  Difference  of  Longitude  between  thefe  two,  Places,  are 
very  different  in  feverai  Books,  therefore  all  in  this  Book  are 
taken  from  the  Chan  aforefaid,  or  from  the  Mariners  Compafs 
ReBified. 

1  Example  2,  What's  the  Difference  of  Longitude  between  the  Li’ 
zard  and  1,  Berbadoes  ? 

By  the  Mariner,  Compafs,  Longit.  offfi ’IZbadoC  % »d.  otm-W. 

SubtraR  is  the  Difference  of  Longitude  —  5  id.  40m*  e- 
qual  to  $160  Minutes* 

Problem  4®  To  know  when  the  Difference  of  Longitude  between  any 
two  P  laces  %  is  Eajlerly,  or  jVefterly. 


1 *  A  Ceording  to  the  old  Way  of  counting  the  Longitude 

’***  the  Rule  is  thus; 

If  the  Remainder  (firCt  found)  be  lefs  than  180  Degrees, 
and  you  are  bound  to  that  Place  which  hath  (of  the  two)  the 
greater  Longitude,  then  is  the  Difference  of  Longitude  Eaft 
terly  ;  but  if  you  are  to  fail  to  the  leffer,  its  Wefterly  *,  And 
when  the  ftrft  Remainder  is  more  than  180  Degrees,  it’s  juft 
the  contrary. 

2.  According  to  the  Mariner  s  Compajs  ReBified ,  The  Rule 
is  thus  ; 

When  the  Longitude  of  the  two  Places  are  both  Eaft  or  both 
Weft,  and  you  are  to  fail  to  the  greateff  Longitude  ;  then  the 
Difference  of  Longitude  is  (according  to  the  Name  of  the  Lon* 
gitude)  Eaft  or  Weft.  But  if  bound  to  the  leffer  Longitude* 
then  is  the  Difference  of  Longitude  contrary,  that  is,  Weft 
in  Eaft  Longitude,  and  Esft  in  Weft  Longitude  :  And  if  one 
Place  liesln  Eaft  Longitude,  and  t’other  in  Weft,  the  Differ 
rence  of  Longitude  between  them,  is  according  to  the  Name 
of  that  Longitude  you  are  bound  unto,  that  is,  Eaft,  if  to  Eaft 
Longitude  5  and  Weft,  if  to  Weft  Longitude* 

Probe 
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Problem  5,  The  Longitude  of  one  Place;  and  the  Difference  of  Lon¬ 
gitude  between  that  and  another  Place ,  being  given  $  to  find  the 
Longitude  of  the  l aft  Place . 

?’AC^°rdinS t0  °y  counting  the  Longitude,  the 

Rules  are  thefe  following. 

Riue  i„  Sailing  to  the  EaHward,  add  the  Longitude  and  the 
Difference  of  Longitude  together,  the  Sum,  (but  if  exceeds 
p6 o  Degrees,  fubtrafl  ^60  Degrees  therefrom,  the  Remainder) 
is  the  Longitude  of  the  laft  Place. 

Rule  2,  Sailing  to  the  Weftward,  fubtraff  the  Difference  of 
Longitude  from  (but  if  the  Difference  of  Longitude  be  the 
greateft,  add  *6  o  Degrees  to)  the  Longitude  of  the  drft  Place, 
the  Remainder  is  the  Longitude  required. 

idly,  According  to  the  new  Way  of  counting  the  Longitude 
in  the  Mariners  Compajs  •  the  Rules  are  thefe,. 

Rule  1.  In  Eafi  Longitude  failing  to  the  Eadward,  and  in 
Longitude  , failing  IVeft  erly  5  add,  gives  the  Longitude  of  the 
laft  Place,  (if  it  exceeds  not  1S0  Degrees)  agreeing  with  the 
Name  of  the  firft  Place  5  but  if  it  doth  exceed,  (ubtraft  it 
from  3 60  Degrees,  the  Remainder  is  the  Longitude  required 
of  a  contrary  Name  to  the  firft. 

Rule  2.  In  Eajl  Longitude  jailing  INederly,  and  in  Weft  Longf 
$ude  failing  Eaderly  ;  fubtraff,  gives  the  Longitude  of  the  laft 
Place,  whole  Name  agrees  with  the  greateft. 

Example  1.  Sailing  from  Eerbadoes  North  Eafierly ,  till  the 
Difference  of  Longitude  be  27  5 League?,  what  Longitudets  theShip 
in’*.  dm 
By  the  Mariner's  Compafs>  Long,  ofthel.  Berbadoesls  58  04  W 
The  Difference  of  Longitude  is  275  Leagues  or-^  13  45  E 
Subtract,  gives  the  Longitude  the  Ship  is  in  <*— *  44  19  W 

Example  2.  From  the  Lizard  a  Ship  Jails  South  Wefterly ,  till  the 
Difference  of  Longitude  be^^z  Leag%  What  Longitude  is  the  Ship  in  ? 

,  d  m. 

By  the  Mariners  Compafs  Longitude  of  the  Lizard  is  5  24W 
The  Difference  of  Longtude  is  352  Leagues  —  173  6W 
Add,  gives  the  Longitude  the  Ship  is  in  «■■»» — —^23  oow 
Thus  much  for  the  Preparation  to  bailing  by  this  Charts  the 
Problems  a're  next. 

.  •  m 
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Sc£t  III .  Containing  Problems  of  Sailing  by  Mr.Wright'i 
Chart5  commonly  called  Mercator's  Sailing. 

TN  the  Working  of  thefe  Problems,  a  Table  of  'Meridional 
■*'  Parts  is  nece^fary  $  accordingly  out  of  Mr-  Wright's  Table9 
fi&ve  I  drawn  one  to  every  filth  Minute  of  Latitude,  counting 
the  Meridional  Parts  in  Miles,  or  Minutes  of  the  Equator  5 
which  Table  you  will  find  placed  before  th cTable  of  Logarithm s9 
whofe  Ufe  is  to  find  the  Meridional '  Difference  oj  Latitude^  be¬ 
tween  any  two  given  Latitudes,  and  that  is  done  by  the  next 
Problem  s  See  Page  304. 


jfroblem  1*  To  find  the  Meridional  Difference  of  Latitude ,  or  the 
^‘ference  of  Latitude  in  Meridional  Parts. 


The  Rule  is 


The  Latitudes  of |°n®ontrary  ].name,  the{^  'f  of  the 

MeridionalPartsffound  by  the  Table  of  Meridional  Parts)  an- 
fwering  to  the  Degrees  and  Minutes  of  each  Places  Latitude, 
is  the  Meridional  Difference  of  Latitude  required. 

Exam.  1.  If!,  Berbadoes  and  St*  Thome,  anlfland  on  theCoafl  of 
Gabon  in  Africa :  What  is  the  Meridional  Difference  of  Latitude ? 

Minutes 

"“'{S:  1 8- 

Meridional  Difference  of  Latitude  — 


one 


j>name3  the«J 


DifF, 


000 


81s 


Example  z.  The  Lizard  and  Bland  Berbadoes:  What  is  their 
Meridional  Difference  of  Lat  itude  % 

Min. 

i  $sL.  { ifi 

Subtract,  gives  the  Meridional  Difference  Latitude  ~—z66z 

1  *  •  - 

;  '  Exampls. 
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n 


Example  5.  Ifland  Berbadoes  and  Ifland  St,  Kellena:  What 
is  their  'Meridional  Difference  of  Latitude  ? 


ess. 


Mia, 

812,' 

$7y 


Add,  gives  the  Meridional  Difference  of  Latitude—— —  1 

Problem  2.  The  Latitude  and  Longitude  of  two  Places  given  3  fa 
find  their  Courje  and  D/Jhinct- 


Example,  What  is  the  Courje  and  Di fiance  from  the  Liaard  19 

the  Ifland  Berbadoes. 

d  m.  '  Min*  d  m. 


Diff.  ofLat,  36.3 5  S.Mer.DifELat.atfd'aDifif  Lon°$ 2.40  W« 

is® 


or  2195  Min. 


eWMMflf 


or  3  i5o  min 


This  Re£langle  Triangle  ABC  (Plate  3.  Figure  5.)  is  made 
by  Problem  13.  of  PraBical  Geometry ,  after  this  manner. 

I.  From  A  reprefenring  the  Place  failed  from,  lay  the  Meri¬ 
dional  Difference  of  Latitude  to  B. 

z.  Draw  BC  perpendicular  to  AB,  and  thereon  lay  the  Dif¬ 
ference  of  Longitude  from  B  to  C> 

3  .From  A  to  C( representing  the  Place  the  Ship  is  come  to) 
draw  a  Line,  which  concludes  the  Triangle  ABC,  Right-ass* 
gled  at  B,  whofe  Angle  BAC  meafured  on  the  Scale  ofCbordi 
or  Rumbs,  fhews  the  Courfe  or  Bearing  of  the  two  Places* 

4.  Take  the  Difference  of  Latitude,  and  lay  it  on  the  Me¬ 
ridian  from  A  to  D,  and  draw  a  Line  DE,  parallel  to  BC,  to 
cut  AC  in  E,  and  it’s  done :  For  if  AE  be  meafured  on  the 
fanae Scale  AD  was  taken  from,  it  fheweth  the  Difiance  be¬ 
tween  the  two  Places. 

But  to  refolve  itby  Trigonometry  ^  there  are  two  Reel  angle 

Triangles* 


V 


I 
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Triangles,  ABC,  and  ADE  ;  in  the  former  you  muff  • 

Note,  i.  The  Leg  AB,  is  the  Meridional  Difference  of  Lati- 
tude. 

a-  The  Leg  BC,  is  the  Difference  of  Longitude- 

3.  1  he  Angle  B.AC,  is  the  Courfc  or  Bearing. 

4.  The  Angle  ACJB,  is  the  Complement  of  the  Courfe. 

Secondly,  And  in  the  Reftangle  Triangle  ADE. 
x.  The  Leg  AD  is  the  proper  Difference  of  Latitude 
a.  The  Hypotenufe  AE,  is  the  Diftance  of  the  two  Places, 
3.  The  Leg  DE,  is  the  Departure  from  the  Meridian. 

4-  The  Angle  DAE,  is  the  Courfe  or  Bearing. 

5.  The  Angle  AED,  the  Complement  of  the  Courfe. 

Thefe  T  hings  being  premifed,  the  Proportions  are  the  fame 
as  in  the  Do  time  of  Plain  Right-Angle  Triangles,  as  folioweth : 

x.  For  the  Courfe,  the  Proportion  is  thus : 

If  the  Leg  A  B  is  made  Radius,  then  the  Leg  B  C  is  the 
Tangent  of  the  Angle  BAC,  and  therefore  it  is. 

As  the  Meridional  Difference  ofLatitude,  is  to  the  Radius  • 
fo  is  the  Difference  of  Longitude,  to  the  Tangent  of  the’ 
Courfe  ;  But  more  briefly  thus  ; 

Merid.  Diff  Lit.  ••  Diff  Long. : :  Radius  ..  T,  of  the  Courfe 
™nutes  •  3i<fo  Min. : : T.  45d  ••  T.  49d,  50m. 

Which  being  turned  into  Points  of  the  Compafs,  makes  the 
Courfe  to  be  S  W.  §  W.  nearly. 

2.  To  And  the  Diffance  the  Proportion  is  thus  i 
Making  the  Hypotenufe  AE  Radius,  the  Leg  AD  is  the  Sine 
of  the  Angle  AED,  or  the  Sine  Complement  of  the  Courfe, 
and  therefore  it  is ,  7 

Complement  of  the  Courfe,  is  to  the  proper 
Difference  of  Latitude  $  fo  is  the  Radius,  to  the  Diff  ance  in  the 
Rumb.  Or  more  briefly  thus- 

Ss  c  Courle  •*  Diff*  Lat<  : :  Radius  ,s  Diffance  required. 

S»  4od  i°m*  **  2  ip 5  Min.  :.*S*  <?od. ..  3417  Minutes. 

Note,  The  Meridional  Difference  of  Latitude  may  be  found 
by  the  Gunter's  Scale  thus  : 

Extend  the  Compaffes  from  the  Latitude  of  jod  00m.  (on 
the  Meridional-line)  to  the  Latitude  13d'  25m.  on  thefame 

Line  $ 
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Line  5  that  Extent  meafured  on  the  Line  of  Equal  Partst  will 
be  44i4om.  or  2664.  Minutes,  the  Meridional  Difference  of 
Latitude,  which  is  but  2  Minutes  more  than  by  the  Table* 


Problem  3*  Both  Latitudes  and  Courfe  given  5  to  find  the  Dili  awe 

and  Difference  of  Longitude* 

Example.  A  Ship  fails  from  the  Lhard ,  and  makes  herCourfe 
('when  Variation,  Lee- way,  ere.  allowed  for^to  be  S,  39b,  W. 
or  S.  W.  by  S.  |  W.  and  then  by  Obfervation,  is  in  Latitude 
45d.  31m.  North  5  I  demand  the  DiffanceRun,  and  the  Lon¬ 
gitude  fhe  is  in  ?  d.  m.  Minutes 


si  -°s>  M“idi°“i  p“- 1 1;;: 


Difference  of  Lat.  4  29  Mer.  Diff  Lat.*— ^-400 

6o 


Or  — >269  Minutes 

To  delineate  this,  or  any  of  the  feven  next  Problems,  by  the 
Plain  Scale,  as  alfo  their  Refoiutions  by  Trigonometry,  the 
Dire&ions  and  Notes  in  the  foregoing  Problem  may  be  fuffi- 
cient  Inftruftions,  and  therefore  they  are  omitted  till  I  come 
to  Problem  10. 

1 .  To  find  the  Diftance,  the  Proportion  ( as  in  Plain  Sailing) 

is  thus : 

3.  c.Gourfe  ..  Diff  Lat.  :  :  Radius  ..  Difiance  required. 

S.  5 id.  00m.  ..  269  Min,  :  :  S.  9od»  ..  34 6  Minutes. 

2.  To  find  the  Difference  of  Longitude,  the  Proportion  is 
thus  3 

Radius  ..  T.  CourCe  : :  Merid.  Diff  Lat,  ..  Diff.  of  Longit* 

T.  45 d. ..  T.  39  deg. :  :  400  Minutes  ..325  Min  or  5®  2/ 
Or  thus  $  the  Extent  on  the  Meridional  Line  (on  the  Gun. 

ter )  from  Latitude  5od,  00m.  to  Latitude  43d.  3  rm.  meafured 
on  the  Line  of  Equal  Parts ,  is  6d.  Y~w.  the  .Meridional  Diffe¬ 
rence  of  Latitude  3  and  then  you  may  fay, 

T.  45<1.  ..T*  39d.  : :  6d.  ••  jd.  T%.  or  sd.  24m.  the 

Difference  of  Longitude  near  as  above. 

3.  Then  to  find  the  Longitude  the  Ship  is  in,  it’s  thus, 

Longitude  failed  from — - -  5(1  24m  Wefi: 

Difference  of  Longitude  325  Minutes  or  — -5c!.  25m.  Weft 

Longitude  the  Ship  is  inwy— 1  ■■ J &  d »  49m .  W  efi: 

Prob* 


0 
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Problem  4.  Both  Latitude!  and  Diftance  given  •  to  find  the  Courfe j 

Difference  of  Longitude. 

Example.  If  a  Ship  runneth  500  Minutes  North  Weft  ward 
from  a  Port  in  Lat.  37d.  N.  and  Longitude  rod.  25m.  W.  until 
fhe  be  tn  Latitude  4t  Degrees  North  :  I  demand  the  Courfe. 
and  Longitude  lhe  is  in  ?  jyj*n 

Sailed  from  1  r  .  j  C2?d.  North? 

Ship  is  in  }Latltude^^d  Nor^Merid.Parts{ 

Difference  of  Latitude  4  North,  Merid.  Diff  LldT^oy 

60 

Or  240  Minutes 

*•  To  theCourfe,  the  Proportion  (as  in  Plain  Sailing)  is  thus  2 
Diftance  ..  Radius  :  :  Diff.  Lat.  Sc.  Courfe  ’ 

500  M111.  ••  S,  9od. : :  240  Min.  .*  S.  53d.  08m.  Which 
lubtract  from - - - — - pod.  00m. 

Remainder  is  the  Courfe  - - 3#d.  52m.  North 

Weflerly  33  Points  of  the  Compafs,  which  makes  the  Courfe 
to  be  NW  by  N.  f  W*  neareft, 

2,#  To  find  the  Diff.  ot  Longitude*  the  Proportion  is  thus  ; 
Radius  ..  T.  Courfe  t :  Merid.  Diff  Lat. ..  DifferenceLong. 
T»  45®*  **  T.j5d.  52m.  1  ®  gopMinutes  •»  232  Min.  or  3d, 5 2m* 
Or  thus  *  the  Extent  (on  the  "Meridional  Lint  on  the  Gunter) 
from  Latitude  37^*  Latitude  4id.meaiured  on  Equal  Parti , 

Is  50.  ism.  Meridional  Difference  of  Latitude.  And  then  fay, 
T  45«-  ••  T-  Sim.  : :  5d*-  jLZ  ..  3d.  88  Parts  of  too, 
or  3d.  y  am.  the  Difference  of  Longitude  as  before. 

Longitude  failed  from . rod,  25m.  Weft 

Difference  ot  Longitude  is  232  Minutes  or  3d.  52m.  Weft 

i- 1  m  u n  n mi m  mu  1  mMlwmi) 

Longitude  the  Ship  is  in  i4d.  17m.  Weft 

Problem  5.  Both  Latitudes  and  Departure  from  the  Meridian  given  • 
to  find  the  Courfe,  Difiance  and  Difference  of  Longitude, 

Example,  A  Ship  in  Latitude  yod.  jom.  North,  and  Longi¬ 
tude  yd.  24m  Weft,  fails  South  Weftward9  till  her  Departure 
as  y8<?  Minutes,  and  by  Obfervation  is  in  Latitude  39d.  20m. 

.  j  :  *  dennand  t^le  Courfe,  Diftance  failed,  and  what  Lon¬ 
gitude  the  Ship  is  in  ?  /  Tlie 
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The  Propo  rtion  for  the  Courfe  and  Diftance,  are  the  fame 
'  as  in  Chapter  3  Sebhon  3.  Cafe  6.  of  Plain  Sailing,  in  Page  6$t  to 
which  I  refer  you, and  here  omit  them. 

3.  To  find  the  Difference  of  Longitude  the  Proportion  is  * 

Lat.  Departed  5 od.  1 orru 1  Meridional  Parts 5  249«  1  mi*n. 

2 Ship  is  in  390  20m.Nl  1  2571  J 

Difference  of  Lat.10d.50m,  S.  Merid  Diff Lat.  919  min. 

60 

Difference  Lat.  650  Minuted  Then  you  may  fayj 
As  Dff.  Lat,  •• Departure : :  Merid.  Diff  Lat.  ..  Difference  of  Long* 
As  650  Min  *•  789M111. •*  :  91 9  Minutes  ••  11 16m.  or  i8d»3<hn 
Or  thus  5  the  Extent  (on  the  Meridional-line  on  th eGUnter) 
from  Latitude  5od  tom  to, Latitude  3pd^  20m  meafured  on 
the  Line  of  Equal  Parts,  is  i$d.  3  Tenths  the  Meridional 
Difference  of  Latitude.  And  then  fay, 

As  6 50  Minutes  ••  789  Min*::  i5d.  3  Tenths  ••  i8d. ^Tenths 
or  i8d.  3dm.  the  Difference  of  Longitude  as  before. 

Then  to  find  the  Longitude  the  Ship  is  in  $  it’s  fhtis. 

Longitude  failed  front - — — — ~ ^d.  24m  Weft 

Difference  of  Longitude  m6  Min.  or  —  i8d.  36m*  Weft 
Longitude  the  Ship  is  in  24d.  oom.  Weft” 


i 

Problem  6 .  One  Latitude ,  Courfe ,  and  Diftance  given  $  to  find  the 
Difference  of  Latitude $  and  Difference  of  Longitude . 

£&amj>ie,  A  Slip  in  Latitude  30m,  Norths  and  Longitude 
i8d.  3im.  Wed,  Sails  S  E»  by  S.  591  Min .  or  197  Leagues :  1 
demand  the  Latitude  and  Longitude  the  Ship  is  in  ? 

*  ? 

1.  For  the  Difference  of  Latitude,  the  Proportion  (By  the 
iff)  Cafe  of  Plain  Sailing  in  Page  62  is  thus  3 

As  Radius  ..  Diftance ::  Sc.  Courfe  ••  Difference  of  Latitude. 
As  S.  8  Points  ••  591  Min*::S.  5  Pts  ••  491  Min.  or  8d.  t  ins; 

Latitude  failed  from - 42d.3om.  N.  Merid.  Parts  28221113 

Diff.  Lat.  491  Min,  o*_  8d.  tlm.  S- 

Latitude  the  Ship  is  in  343.  19m  N.  Merid.  Parts 

Subtract  giveth  the  Meridional  Difference  of  Latitude  627m. 

Or  thus  5  The  Extent  (on  the  Meridional-line  on  the  Gar¬ 
ter)  from  Latitude  4zd,  30m*  to  Latitude  34d„  19 m*  mealured 

O 
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-A  '  A  ]  ■  I-  \  ;  %  PA  •  V  : 

/ 

58  Mercator’,  Sailing  Chap.  IV. 

on  the  Line  of  Equal  Parts  is  led.  Tf  or  iod.  30m.  the  Meri- 
dional  Difference  of  Latitude. 

To  find  the  Difference  of  Longitude,  the  Proportion  is, 

As  Radius  ••  T;  Courfe : :  Mend.  Diff.  Lat.  •  •  Difference  Long. 
AsT* 4Pts  ”  T.  3  Points: :  627  Minutes  ••  420m  or  7d.oom. 
Or  thus  5 

As  T.  4  Points  ••  T.  3  Pts : :  iod-  ..  7<*  DiffLong  as  before 

Longitude  failed  from  - — — — ^ 1  ^d.  3 im’ 

Diffi  Long.  420  Minutes,  or- - — — -  o7d.  00m.  /Eaft 

Longitude  the  Ship  is  in  1  1  id.  3  irn.  Weft 

Problem  7.  One  Latitude,  Courfe,  and  Departure  given,  to  find  the 
D  fiance,  Difference  of  Latitude,  and  Difference  of  Longitude . 
Example.  A  Ship  fails  ESE.  from  a  certain  Port  in  Latitude 
Sod.  1  om, South,  and  Longitude  iod.  i5m  Eaft,  untilthe  De¬ 
parture  from  the  Meridian  be  9 57  Minutes:  I  demand  her  Di« 
ftance  Sail’d,  the  Latitude  and  Longitude  Hie  is  in  ? 


The  Diftance  Js  I035  \  jyiin.  bv  Chapter  i»  SsBion  3.  Pro- 
The  Diff.  of  Lat.  is  396  J  ;  .  * 

Mem  3.  of  Plain  Sailing ,  in  Page  6 u  Then  the  Latitude  the 

Ship  is  in.  and  the  Meridional  Difference  of  Latitude,  is  found 
thus.  .  Min. 

Latitude  (ailed  from  5 od.  10m.  South  Merid.  Parts  —  3490 
Diff.  Latitude 3 9 5m  or  5d.  35m.  S 

Latitude  Ship  is  in—  5  6d.  45m. S . Meridional  Parts  —  4^57 
Subtraft,  giveth  the  Meridional  Difference  of  Latitude  55? 

For  the  Difference  oj  Longitude  the  Proportion  is$ 

As  Diff  Lat...  Departure  ;  :  Merid.  Diff  Lat.  •*  Diff.  of  Long*’ 
As  395  Min.  '*957  Min.  1*667  Minutes  ••  < 5 1 5 no.  or  2 5d  5  5m 
Or  thus  5  the  Extent  ( on  the  Meridional  Line  on  the 
ter)  from  Latitude  5od  iom.  to  Latitude  55d.  45m.  meafured 
on  the  Line  of Equal  parts ;  it’s  lid.  TJ  th eMerid.  Diff  of  Lat . 

Then  fay,  '  ^  r 

As  395 Min.  ••  957  Mm.  *  :  nd.  y-g-  **  ayd*  the  Din.  Long. 
Then  to  find  the  Longitude  the  Ship  is  in,  it  s  thus  3 

Longitude  failed  from - — ■  iod.  i5m.  Eaft 

Difference  ot  Longitude  1615  Min*  cr  a5d.  5  5m.  Eait 


Longitude  the  Ship  is  i  n 


37 d.  1 1  m.  Eaft 
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Pr0,1;1™  8-  0ne  Lat:tuj‘,  Dtflattce  fail’d,  and  Departure  from  the 
Meridian  given  ,  to  find  the  Cour/e,  Difference  of  Latitude,  and 
Difference  oj  Longitude,  J  * 

Example,  A  Ship  in  Latitude  49d.  70m.  North,  and  Longt- 
tui.e  i4d.  4.0m.  Weft,  fails  South  Eaftward  £45  Minutes  until 
the  Departure  from  the  Meridian  be  500  Minutes:  i  deman 

the  L"Uun'fte"ed>  the  Latitude  and  Longitude  the  Ship  is  in  . 
1.  i  he  Courle  is  5od.  50m.  SE.  or  SE  f  E  }  . 
a.  The  DifiE  of  Lat.  407  Min,  or  6d.  47m.  f  b>’  -hfter  }• 

fSm  }■  5.'  '»  61.  Then  the 

Latitude  the  Ship  is  in,  and  the  Meridional  Difference  of  Latitude 
is  round  thus,  5  J 

Latitude  failed  from  ~  49d.  50m.  N.  Merid.  Parts  S 
JJitt.  Lat.  407  Min,  or-*,  6d»  47m.  S, 

Latitude  the  Ship  is  in  42c!.  43m  N.  Merid.  Parts  184*, 
Mendional  Difference  of  Latitude  __  ,  -7-Tgo 

.  5lI°  thenifoenCC,°f  LonSitude  fhS  Proportion  is  ; 
As  Oiff  Lat.  ••  Depart.  : :  Mrrid-  Diff.  Lat  ..  Diff.  of  Lona, 

As  407  Mm  -  5ooM,n.;  :5S8Minutes  ..  fuMin.  or  ,  2d.2ni 
Or  thus,  the  Extent  (on  the  Meridional-line  on  the  Gamer') 
r°m  Latitude  49  d.  |om.  to  Latitude  4id  43m.  meafuredon 

Equal  Parts,  is  9d.  T|,  the  Meridional  Difference  of  Latitude 
1  hen  lay, 

As  407  Min.  .500  Min. :  :  9d.  T|  ..  rid.  the  Diff.  Lon,*. 
Then  to  find  the  Longitude  the  Ship  is  in,  it’s  thus  , 
Longitude  (a, led  from - - d>  M’..Wcft 

Dtft  Longitude  712  Minutes,  or  - - —  12d.  02m  Eaft 

Longitude  the  Ship  is  in  - - - - -H^dr38m-  Weft' 

Problem  p.  One  Latitude  ^ourfe,  and  Difference  of  Longitude  ei- 
ven  3  toffnd  the  Diffance}  and  Difference  oj-  Latitude. 

Example.  A  Ship  fails  S.  W-  by  W.  from  the  Lltard,  until 
fhebein  Longitude  57d.  26m.  Weft:  1  demand  the  Latitude 
the  Ship  is  in,  and  her  Diftance  fail’d?  . 


Longitude  failed  from 
Longitude  the  Ship  is  in 


“•  ^d.  24  m*  Weft 
57 d.  26m*  Weft 


Subtrasff  andlvemainder  is  tne  Diff  Lt)ng!t<  520*  o  2  on  *  Weft 

v  60 


Or 
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t.  For  the  Met.  Diff  of  Lat.  the  Proportion  may  be  thus ; 
AsT.Courfe  •*  Radius:  :  Differ.Long  •*  Mend*  Diff  of  Lat. 
As  T.  5  Pts.  ••  T.4Pts : :  $122  Minutes  ••  2085  Minutes 
Latitude  failed  from  5od.  its  Merid  Parts — —  2474  fubtraft 

Gi^eth  the  Mer.Ptsfor  theLat.  the  Ship  is  in  1389  which 
feek  in  the  Table  of  Meridional  Parts  j  agitnttit  you  will  hnd 
22d.  33m.  the  Latitude  the  Ship  is  in  North. 

Or  thus,  on  the  Gunter ;  take  the  Meridional  Difference  of 
Latitude,  being  2085  Minutes,  of  34d.  45m.  from  the  Line  of 
Equal  Parts,  and  fetit  from  the  Latitude  departed  from;  be¬ 
ing  sod. com.  in  the  Meridional  Line, decreafing  (becauieit  s 
North  Latitude,  and  failing  Southerly)  and  it  reacheth  (in  the 
fame  Line)  to  2td.  30th.  the  Latitude  the  Ship  ism,  very  near 
to  the  Laritude  found  above  by  the  Table  of  MeridionalParts, 

differing  from  it  but  3  Minutes.  , 

Then  having  both  Latitudes  kttowft,  the  Difference  o 
titude  is  found  (by  fubtrafting  the  leffer  from  the  greater)  to 
be  2?d.  27m,  or  1647  Minutes,  or  54V  Leagues. 

a.  Find  the  Diftance  Sailed  by  Chapter  3*  SeB  3*  ro  e 
or  Cafe  2,  of  Plain  Sail  mg  fin  Page  6i« 

Problem  I0.  Two  places  in  one  Parallel  or  Latitude,  their  Differ* 
ence  of  Longitude  given  $  to  find  their  Diftance . 

Example.  I  demand  the  Diftance  between  the  Lizard  and 
Penguin  ifland  on  the  Coaft  of  Newfoundland. 

53d.  24m.  Weft 
53d.  10m.  Weft 

47d,  46m.  Weft 
60 


Lizard  ■  ■— 

Penguin  ifland 


^  Longit  is  **£ 


Subtract,  and  Remainder  isDiffXong* 


Difference  of  Long.  4?d.  46m.  of— -—2^56  Minutes 
Thefe  Places  are  both  (fuppofed  to  be)  in  Latitude  5od. 
oom«  North,  whole  Complement  is  4od.  00m. 

To  delineate  this  Problem  by  the  Plain  Scale* 
r  j.  Draw  the  Prick’d  Arch  BC,  with  the  Sme  of  90  Degrees, 

one  Foot  being  in  the  Center  A.  ,  f  « 

2.  Lay  the  Difference  of  Longitude  on  that  Arch  from  B 
to  C,  and  draw  the  Lines  AB>  AC,  and  BC»  yjhh 
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3*  With  the  Sine  Com¬ 
plement  of  the  Latitude, 
and  one  Foot  in  A,  draw 
the  Arch  DE:  that  is,  take 
the  Complement  of  the  La¬ 
titude  from  the  Sines,  and 
with  one  Foot  on  A,  draw 
the  prick’d  Arch  D  E,  to 
cut  A  B  in  D,  and  AC  in 
£, 

4,  Draw  a  Line  from 
D  to  E,  and  it’s  done  3 
for  D  £  being  meafured 
on  thp  fame  Scale  B  C 
was  taken  from  ,  will 
fhew  the  Diftance  requi¬ 
red. 


The  Explanation  of  the  Scheme* 


1.  A  reprefents  one  of  the  Poles  of  the  Earth, 

2.  The  Arch  BC,  is  the  Equator. 

3.  The  Arch  DE,  is  a  Parallel  of  Latitude. 

4  The  Line  ADB,  is  the  Meridian  of  the  Lizard. 

5.  The  Line  AEC,  is  the  Meridian  of  Pengwin-Ijland* 

6 .  D  is  the  Lizard  ,  T  .  ,  f  , 

7.  E  is  Pengviin  Ijland  J*in  Latitude  of  jod.oom 

8.  The  Line  BC  is  the  Difference  of  Longitude, 

9.  The  LineDE  is  their  Diftance  in  that  Parallel  of  LatL 
tude* 


Then  to  find  their  Difiance,  the  Proportion  is,  by  the  4 th 
Proportion  of  the  fixth  Book  of  Euclid. 

As  A  B,  is  to  BC5  fo  is  AD,  to  DE.  And  Alternately 
As  AB,  is  to  AD  3  fo  is  BC,  to  DE.  That  is, 

As  Radius,  is  to  the  Sine  Complement  of  the  Latirude  3  fo 
is  the  Difference  of  Longitude,  to  the  Diftance  in  that  ParaL 
Jel  ot  Latitude.  In  fhort  thus  3 

As  Radius  Sc.  Latitude  : :  Dif£  Long.  -  Difh 

A*  S.  9od.  ••  $.  4od.  00m  ; ;  28 6$  Min.  ••  1842  Minnfe 


1 
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Or  thus  5  By  the  Plain-Scale* 

Take  the  Latitude  of  5cd.  oom.  from  the  Scale  of  Chords , 
and  rsneifure  it  from  6 o  on  the  Scale  of  Longitude  marked(ML) 
and  it  fheweth  Minutes  38. 6  Tenths  make  a  Degree  of  Lon¬ 
gitude  in  that  Latitude,  Then  fay, 

As  1  Deg.  ..  Min.  38.6'::  Diff.  Long  47$.  rA|  .C  I^d2-  Mi¬ 
nutes  the  Dtftance  as  before* 

Problem  ll  .  Two  Places  tn  one  Latitude,  their  Difiance  given  3  to 

find  their  Difference  oj  Longitude. 

Example.  If  a  Ship  fails  Weft  390  Minutes  from  toe  Lit  aid  3 
What  Longitude  is  fhe  in  ? 

To  delineate  the  Problem  by  the  Plain-Scale, 

1.  Take  90  degrees  from  the  Scale  of  Sines  9  and  with  one 
Foot  on  A,  draw  the  pricked  Arch  BC 

2e  From  th $  Scale  of  Sines  take  the  Complement  of  the  given 
Latitude,  and  fetting  one  Foot  on  A,  draw  the  pricked  Arch 
DE. 

3.  Then  from  any  Scale  of  Equal  Pam ,  take  (the  Diftance 
Run)  and  lay  it  on  the  lait  Arch  from  D  to  E. 

4  From  A  draw  Lines  through  D,  and  E,  to  cut  the  Arch 
BC,  in  B,  and  in  C. 

5  Tnen  draw  a  Line  from  B  to  C,  and  it’s  done  ;  for  BC 
being  meafured  00  the  fame  Scale  DE  was  taken  from,  will 
fhew  the  Difference  of  Longitude  required. 

The  F  roportion  (by  the  4th  Proportion  of  the  £th  Book 
of  Euclid )  for  the  Difference  of  Longitude  is, 

As  Sc.  Latitude  ••  Radius  :  :  Diftance  ••  Difference  of  Longit. 
As  $.  4od,  oom.  ••  S.  $od.  : :  gpoMih. ..  607  Min.  or  iod.  071110 

Or  thus  5  by  the  Plain  Scale. 

The  Latitude  5pd.  oom.  f  taken  from  the  Chords )  and  rr.ea- 
Hired  on  the  Scale  ML,  fheweth  Minutes  38  6  Tenths  make  a 
Degree  of  Longitude  in  that  Latitude:  Then  fay. 

As  Min.  38.5  Tenths ..  id. 390m.,  ..  iod.  7~  or  iod.  06m. 
D:ft\  Long,  differing  but  one  Minute  from  that  found  before. 

.Longitude  of  the  Lizard  — —  05d.  24m.  Weft 

Difference  of  Longitude  6oy  Minutes^  or— ~  iod*  07m  Weft 

AW  gives  the  Longitude  the  Ship  is  in — *  55ft.  3  m.  Weft 
.  ‘  *  ‘  ?#>&• 
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Problem  12.  Two  Places  in  one  Parallel  or  Latitude,  their  Di- 

Jlance,  and  difference  of  Longitude  given  j  to  find  the  Parallel  or 

Laitude, 

Example.  Suppofe  two  Ships  in  the  Equator  2842  Minutes  afund- 
ert  and  they  both  fail  North  alikeDiftance,  till  they  are  but  1833  Mi¬ 
nutes  af under  :  I  demand  what  Latitude  they  are  now  i%H 

To  delineate  this  Problem  by  the  Plain  Scale, 

r.  Draw  the  prick’d  Arch 
BC  with  the  Sine  of  yo  De¬ 
grees  one  Foot  being  on  the 
Center  A,  to  cut  the  Line 
AB  in  B. 

2.  On  B  ereft  the  prick’d 
perpendicular  Be,  and  there¬ 
on  lay  the  Difference  orLon* 
gitude  from  B  to  c. 

3.  Draw  the  prick’d  Line 
Ac. 

4.  Then  with  the  Diftance 
in  the  Parallel  and  one  Foot 
in  the  pricFd  Line  Ac,  mo¬ 
ved  upon  that  Line,  till  the 
otherFootturned  about,  will 
but  juft  touch  the  Line  A  B, 
and  where  the  former  Foot 
refteth  which  is  at  e,  there  ftay  it. 

5.  Take  the  neareft  Diftance  from  e,  to  the  prick’d  Line 
B  c,  and  lay  that  Diftance  on  the  Line  AB,  from  B  to  D,  and 
draw  the  prick’d  Line  D  e. 

6.  Lay  the  Difference  of  Longitude  on  the  prick’d  Arch, 
made  with  the  Sine  of  90  Degrees,  from  B  to  C,  and  draw  the 
Line  AC  ;  alfo  with  the  Diftance  AD,  and  one  Foot  on  A, 
draw  the  prick’d  Arch  DE  to  cat  AC  in  E  ;  likewife  draw 
Lines  from  B  to  C,  and  from  D  to  E,  and  it’s  done  j  for  AD 
or  AE  measured  on  the  Scale  of  Sines,-  will  fliew  the  Com  pie- 
ment  of  the  Latitude  required. 

Note-,  If  B  c  be  equal  to  B  C,  and  D  e,  equal  to  D  E,  it’s 

done  true  otherwife  not  $  as  the  prick’d  Arches  cC  and  eE 

$janiteltetb, 

G  4  '  TV 
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To  find  the  Latitude  (by  the  (onefold  Propofitionof  Euclid) 
the  Proportion  is  thus  3 

As  Differ.Long.  ••  Diftance : :  Radius  ••  S.c*  Latit-  required. 
As  2842  Min. ..  i83$Min.  : :  S.  pod.  40  S.  4od.  10m. 

Which  fubtra&ed  from - — - •  9od  00m. 

The  Remainder  is  the  Parallel  of  Latitude  4pd*  50m,  North 

Or  thus,  By  the  Plain  Scale . 

As  2842  Min. 90 1833  Min.  .*  :do  Min.  •*  Min,  58.7  Tenths 
making  one  Degree  ofjLongitude,  in  the  Latitude  required. 

Then  from  the  Scale  of  Longitude  (marked  ML)  take  Min 
58.7  Tenths,  meafure  it  on  the  Scale  of  Chords,  and  it  fheweth 
fhe  Latitude  to  be  49d*  50m.  as  before* 

Se£Kon  IV*  Problems  of  failing  by  the  Middle  Latitude  j  or  a 
Proportion  drawn  from  the  Middle  Latitude ,  nearly  agreeing  with, 
Mercator’*  Sailing . 

IN  thefe  Problems  there’s  no  Ufe  made  of  the  Table  ofMe- 
*  ridional  Parts?  and  all  its  Proportions  may  be  wrought 
both  by  the  Logarithms,  and  Gunter's  Scale . 


Problem  j.  T he  Latitude  and  Longitude  of  two  Places  given  3  to 
find  their  Courfe  and  Di/lance, 

Example.  What  is  the  Courfe  and  Diftance  from  the  Lirard 
fo  the  Ifland  Berbadoes. 


d  m 

Liznrd.  7r  f  50  Oo  N  — * 

Barbad^l’  ‘  \  12  25  N  — 

J  *  \  ;  J 


d  m 
50  00 

?3  2 5 


d  m 
5  24  W 
58  04  W 


e 


Difference  Latit.  $6  35  S»Sumis  6%  25difflong.  52  40  W 

do  Mid  Lat.  31  42  do 

Minutes  2195  fubt.  it  from  90  op  or,  3 160  Min* 
Cpmp.  Mid.  Lat.  58  18 


To  delineate  the  Problem  by  the  Plain  Scale,  Plate  2.  Fig  d. 
j.  Make  AD  upon  the  Meridian  equal  to  the  Difference  of 
Latitude. 

2  Draw  the  prick’d  Arch  IK  with  the  Sine  of  90  degrees 
(one  Foot  being  on  A)  to  cut  the  Meridian  AD  in  I. 

With  the  Sine  Complement  of  the  Middle  Latitudeand 
one  Foot  on  A,  draw  the  prick’d  Arch  GH.  to  cut  the  Me* 
fid i an  in  G* 
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4.  On  the  laft  Arch,  lay  |  the  Difference  of  Latitude,  from 
G  to  H 

5.  By  A  and  H  draw  a  Line,  to  cut  the  firft  Arch  (made 

with  the  Sine  of  90  Degrees)  in  K. 

6.  Lay  IK  twice  on  the  Meridian,  from  A  to  B. 

7.  On  B  ere£l  a  Pependicular,  and  thereon  lay  the  Differ¬ 
ence  of  Longitude  3  from  B  to  C.  •  ' 

8.  Draw  a  Line  from  A  to  C  :  and  from  D,  draw  DK  paral¬ 
lel  to  B  C,  to  cut  AC  in  E,  and  its  done.  Plate  3,  6 , 

Then  is  the  Leg  AD  the  Difference  of  Latitude. 

Leg  BC  the  Difference  of  Longitude. 

Bypot.  AE  the  Diffance  of  the  two  Places 
Lea  DE  the  Departure,  according  to  the  Plain  Chart. 
Angle  DAE,orBAC  the  Angle  of  the  Courfe  or  Bearing* 
Angle  AED  the  Complement  of  the  Courfe. 

1.  To  find  the  Courfe,  or  Bearing,  the  Proportion  is  3 

As  the  Difference  of  Latitude,  is  to  theDifferer.ee  of  Lon- 
pitude  3  fo  is  the  Sine  Complement  of  the  Middle  Latitude* 
to  the  Tangent  of  the  Courfe.  Or  more  briefly  thus  5 
As  Diff  Lat.  ..  Diff.  Long.: :  Sc.  Middle  Lat.  ••  T.  Courfe 
Asaipsmin.  •«  3160  Min.  ::  S.  5^^°  **T.  5°d  45^ 

By  Gunter.  1  he  Extent  from  2195  Minutes  to  3  1 60  Mi¬ 
nutes  on  Numbers, being  laid  (increasing)  from  Sine  58a  18m 
reacheth  beyond  the  Sine  of  pod,  wherefore  lay  that  Extent 
from  the  Sine  of  90  Degrees  towards  the  Left-hand,  and  flay 
one  Foot  there,  then  bring  in  the  other  Foot  to  the  SineCom- 
piement  of  the  Middle  Latitude  58d.  18m.  this  laft  Diffance^ 
of  the  Compaffes  lay  from  Tangent  of  45  Degrees,  and  it 
fhewethi  on  Tangents  jod.  45m*  the  Courfe  S  W  5  W.  neareft, 
which  is  the  Courfe  from  the  Lizard  to  Berbadoe*. 

Or  thus  3  by  two  Proportions  to  find  the  Coutfe. 

Firft,  As  the  Radius,  is  to  the  Sine  Complement  of  the 
Middle  Latitude  3  fo  is  the  Difference  of  Longitude,  to  the 
Departure  from  the  Meridian,  or  Meridional  Diftance.  More 
briefly  thus  5 

As  Radius  «  S  c.  Middle  Lat.:  :  Diff  Long.  ••  Departure 
As  S.  j>od.  S-  5$d.  i&n.  ; :  3160  Min.  "  4685  Min. 

Secondly,  As  the  Difference  of  Latitude,  is  to  the  Departure 

i  from  the  Meridian  3  fo  is  Radius,  to  the  Tapgent  of  theCouriK 

*•  '  "  ‘  Or 
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Or  more  briefly  thus  $ 

As  DifF  Lat  ••  Departure::  Radius  ••  T,  Courfe 
As  2 1 95  Min.  2(58  5  Min. ::  T.  4, •  •  T.  5od.  45m.  as  before 
2.  To  find  the  Difbtnce,  the  Proportion  is  • 

As  S  c.  Courfe  **  DifF  Lat. : :  Radius  ••  Diftance  required. 

As  S.^d.i  5m.  •*  2i95Min.:  :S.  9od.  ••  54(57  Minutes. 

Problem  2.  Both  Latitudes  and  Courfe  given  5  to  find  the  Di - 
fiance,  and  Difference  of  Longitude, 

Example;  Suppofe  a  Ship  fail'  from  the  Lizard)  and  made  (when 
Variation  Lee-way,  e*r.  allowed  for)  her  Courfe  South  Weft, 
or  SW  hy  S  ~lV  and  then,  by  Objervation ,  is  in  Latitude  43  d*  3  im. 
North,  what's  her  Defiance  Run,  and  Longitude  foe  is  ini 

d  m. 

Hatitude  4  5°  j  00ra  North - - 50  od 

CJbiervedj  I  45d  3  im  North  - - 45  9* 

Difference  of  Latitude  4d  2.9m  Sum  both  Lat  9531 
or  60  The  |  is  the  Mid.  Lat.  47  45 

DifF.  Lat,  is  Minutes  2 69  Which  fubt.  from  90  00 

The  Remainder  is  Com  pi.  of  the  middle  Latitude  *^^^42  1 5 
To  delineate  this  or  any  of  the  following  Problems  by  the 
P bin  Scale y  the  Inftru<Rions  in  the  foregoing  are  fufficient  to 
inform  the  diligent  Learner. 

1.  The  Diftance  is  346  Minutes  by  Chapter  3,  SeBion  3.  Prob. 
or  Cafe  2,  of  Plain  Sailing ,  in  Page  6r. 

2  To  find  the  Difference  of  j  ^ongitude,  the  Proportion  is  5 
As  the  Sine  Complement  of  the  Middle  Latitude  is  to  the 
Tangent  of  the  Courfe  3  fo  is  the  Difference  of  Latitude 9  to  the 
Difference  of  Longitude-  Or  thus  5 

AsS  c.  Mid  Lat  ••  T.  Courfe :  :  DifF  Lat,  Difference Longit. 
As  S,  42d  1 5m.  •  •  T.  39d.  :  :  2<5p  Min.  ••  32  4  Min. 

To  work  this,  or  any  fuch  like  Proportion,  by  Gunter's 
Scale,  the  General  Rule  of  extending  from  the  firft  Term  to 
the  Second,  0Y-  will  not  ferve,  till  the  firft*  and  fecond  Terms 
are  reduced  to  one  Line  or  Scale ,  and  that  is  by  this  Rule  foL 
lowing. 

A  General  Rule  to  reduce  the  fecond  Term  Tangent, 
to  the  firfl  Term  Sine. 

Extend  the  CompafTesfrom  Tangent  4 5^*-  to  the  Tangent 
of  the  Second  Term  5  lay  that  extent  on  the  Line  of  Sines,  from 
$od,  if  the  Second  Term  be  lefs  than  45  d.  but  if  more)  from  the 

Firft 
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FirftTerm  towards  the  Left-hand  3  and  where  the  Foot  reft- 
eth,  I  call  the  Second  Term  reduced  to  the  Firft,  and  is  to 
be  counted  infteadof  the  Second  Term,  as  for  Example. 

To  work  the  forefaid  Proportion,  for  to  find  the  Difference 
of  Longitude. 

1.  The  Extent  from  Tangent  45 d.  to  Tangent  35^.  laid 
from  Sine  pcd.  reacheth  to  Sine  5^d.  c^d,  the  Second  Term 
reduced  to  the  Firft  Term. 

2.  The  Extent  from  Sine  54ft  05m.  fthe  Second  Term  re*-* 
duced)  to  Sine  4 2d.  15  m.  the  Firft  Term  in  the  Proportion  3 
laid  on  the  Line  of  Numbers  f rom  2 69  Minutes  the  third  Term* 
will  reach  to  324  Minutes  the  Fourth  Term,  the  Difference 
of  Longitude  required. 

Or  thus,  by  twoOperations  to  find  the  Difference  of  Longitude. 

Firft  3  As  the  Sine  Complement  of  the  Courfe>  is  to  theDif- 
ference  of  Latitude  3  fo  is  the  Sine  of  the  Courfe,  to  the  Der 
parture  from  the  Meridian,  or  Meridian  Diftance.  Or  thus  ; 

As  S,  c.  Courfe  ..Diff.  Lat. : :  S.  Courfe  ••  Departure. 

AsS^5 1  Degrees  ..  2^9Min.  :  :  S.  39  Deg.  ..  2  18  Min. 

Secondly  3  As  the  Sine  Complement  of  the  Middle  Latitude^ 
is  to  Radius  3  fo  is  the  Departure  from  the  Meridian,  to  the 
Difference  of  Longitude,  Briefly  thus  5 

As  Sc- Middle  Lat.  ..  Radius  : :  Departure  ••  Diff.  Longit. 

As  S.  4id.  15m,  ..  S*9od. :  :  218  Min.  ..  3 24m. as  before 

Then  to  find  the  Longitude  the  Ship  is  in,  it’s  thus. 

Lizard  Longitude  i&  » — —  -a— . . o5d.  24m.  Weft 

Diff.  Longitude  324  Minutes,  or  . o5d,  24m.  Weft 


Longitude  the  Ship  is  in 


iod.  48m.  Weft 


Problem  3,  Both  Latitudes ,  and  Diftance  given  3  to  find  the  Courfe 9 

and  Difference  of  Longitude, 

Examp.  If  a  Ship  runneth  300  Minutes  North  Wefteriy,from 
aPort  in  3  7deg.  North  Latitude,  and  Longitude  iod*  2  5m  W 
until  file  be  in  Latitude  41  degrees  North.  What  is  her 
Courfe,  and  Longitude  ftie  is  in  ? 

Sailed  from  }  T  .  ,  1  3  )d.  North  — — 3  7  c!. 
Ship  is  in—  j*  3  1  u  e  ^  4  id.  North  — — —  4 id. 


Difference  of  Latitude* 


N.  Sum  of  both  Latit.  7  8d . 
60  Middle  Latit.  * — . -»»39d» 


Diff.  Latitude  is  Minutes  240  Subtract  from  9od. 

Complement  of  the  Middle  Latitude  5!d. 

*  ihs 


i 
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i.  The  Courfe  is  North  36  deg.  52  min.  Weft*  or  NW  by 
NfW.neareft;  found  by  Chap,  $.Seffiort  2.  Cafe  4.  of  Plain 
Sailing,  in  Page  6%.  1 

2-  To  find  the  Differ,  ot  Longitude,  the  Proportion  is  thus, 
As  Sc. Middle  Lat.  ••  T.  Courfe  : :  Diff  Lat.  *•  Diff  Longit, 
As S  5 1  degrees  ••  T-3^d  52m: :  240  Min.  -232  Min, 

By  Gunter* s Scale-  The  Extent  from  Tangent  43d.  to  Tan¬ 
gent  3<5d.  52m,  will  reach  from  Sine  pod.  to  Sine  48d  30m, 
the  Second  Term  reduced  to  the  Firft.  Then  the  Extent 
from  this  laft  (Sine  4$d,  30m)  to  Sine  5  id  (the  Firft  Term 
in  the  abovefaid  Propoition)  will  reach  on  the  Line  of  Num-r 
hers  from  the  Difference  of  Latitude  240  Minutes,  to  232  Mi. 
nates,  or  3d,  52m  the  Difference  ot  Longitude. 

Or  thus  5  by  two  Proportions  (after  the  Courfe  is  found,) 
as  before  tp  find  the  Difference  of  Longitude,  fay, 

I?  As  the  Radius*  is  tp  theDiftance  Run  3  fo  is  the  Sine  of 
the  Courfe,  tQ  the  Departure  from  the  Meridian,  Which 
briefly  is  thus ; 

As  Radius  ••  Diftance  .* :  S  Courfe  «*  Departure 
■A s  •?  pod.  ••  300  Min  : ;  S  36ft  52m-  *’  180  Minutes 
i*  As  the  Sine  Complement  of  Middle  Latitude,  is  to  Ra¬ 
dius  5  fo  is  the  Depat ture  from  the  Meridian,  to  the  Difference 
of  Longitude.  Briefly  thus  ; 

As  §c.  Mid  Lat.  ••  Radius;  :  Departure  ••  Plff  Longitude 
As  S.  si  deg.  ..  S.  pod.  ::  180  Min.  *k  232  Min. 

Or  it  may  be  found  by  this  Proportion  when  theDiftance 
is  given. 

Sc  Middle  Lit  »•  Diftance  :  *  S*  Courfe  ••  Diff  Longitude 
S.  51  degrees  ••  300  Min.  : :  S.  36d.52m  ..  232  Min. 

Then  to  find  the  Longitude  the  Ship  is  in,  it’s  thus  ; 
Longitude  the  Ship  failed  from  — — -  iod.  35m.  Weft 
Diff.  Longitude  232  Minutes,  or™??*- — -  3d.  52m.  Weft 

Longitude  the  Ship  is  in  —  -  I4d,  27m,  Weft 

Problem  4.  Both  Latitudes  and  Departure  from  tfye  'Meridian  gi¬ 
ven  ;  to  find  the  Courfe ,  Di(lance>  and  Difference  of  Longitudes 

^E&amfyle.  A  Ship  in  Latitude  50  d.  10m.  North,  and  Lon¬ 
gitude  5d  24m  Weft  $  fails  South  Wefterly,  till  the  Depar¬ 
ture  be  78 p  Minutes,  and  ihe  be  inJLatitude  ;pd.  20m.  North. 

I  demand  the  Courfe,  Diftance  and  Longitude  the  Ship  is  in  ? 

La*t 
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r  .  ,  J  Sailed  from  5od.  iom.  North  — 

Latitu  e  ^  Ship  is  in  3pd.  20m.  North — 
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50  d.  10m* 
3  yd.  20m* 


Difference  of  Latitude — iod*  50^  Sum  of  both  Lat  Spd  30m 

60  ‘ 

Or  Minutes—  6  50  The  \  is  theMid.  Lat.44d.45m. 

'Which  fubttaft  from—  pod,  oom 

The  Remainder  is  Complement  Middle  Latitude  4^d.  1 5m 
i.The  Courfe  isS.  5od.30m.  W.  >  by  Chapter  3.  Seftjon  3* 
».The  Diftance  102  2  Minutes  J  Problem  or  Cafe  6t  of  Plain 
Settling  in  Page  6  3. 

3.  To  find  the  Difference  of  Longitude,  the  Proportion  is  3 

As  Sc.  Mid.  Lat -T.  Courfe  : :  Diff  Lat .  Diff .  Lon  git* 
AsS.  43d.  15m  ••  T.$od.3om: :  6jo  Min,  ••  1 11 1  Minutes 
For  the  Extent  fromTangent  43d.  to  theTangenf  5od  30m 
laid  (on  the  Line  of  Sines'jCtotn  43d.  1 5m  reacheth  to  Sine  3  V** 
50m.  the  Second  Term  reduced  to  thefirft.  Then  the  Ex¬ 
tent  from  this  laft  (Sine  3  sd.  50m.)  to  S.  9od.  (inftead  of  Sine 
4$d.  1 5m.  the  firft  Term  in  the  above  Proportion,  always  to 
when  the  Courfe  is  more  than  43d.  and  that,)  laid  on  the  Line 
of  Number!)  from  Diff  Lat.  650  Minutes,  will  reach  to  mi 
Minutes  the  Difference  of  Longitude  required.  . 

Or  thus  5  the  Difference  of  Longitude  may  be  found  with- 

OUt  knowing  the  Courfe,  faying  j  .  ,  , 

As  the  Sine  Complement  of  the  Middle  Latitude,  is  to  the 
Radius 5  fo  is  the  Departure  from  the  Meridian,  to  the 

Difference  of  Longitude.  That  is,  T 

AsSc.MiddleLat."  Radius! :  Departure  ••  Differ,  Longit. 
AsS.45d.15m ,.*S  jiodeg  * '  780 Min.  •  1  niM.as before 
Then  the  Longitude  the  Ship  is  in,  may  be  found,  in 
Problem  5.  of  Mercator's  Sailing ,  Page  96,  that  being  toe  lame 

^AncTinUke  maimer  all  the  remaining  Qu e ft i on s  in . 

may  be  wrought  by  the  Sine  Complement  o  t  e  1 

titude,  which  I  leave  to  the  Leartiers  Praftice:  And  thus, 
much  may  fuffice  for  the  Second  K>«d  °fSa’bn£  or 
NavigaJn,  and  the  Application  ot  PlamTr,gommetry,Sphe- 

ric  Trigonometry  is  next.  CHAP 


l 
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Chapter  V  Containing  the  DoBrins  of  Spheric  Trian¬ 
gles,  ReB angular ,  and  Obk^ue,  both  Geometrical  and 

Arithmetical . 

"DEfore  I  enter  on  Spheric  Trigonometry,  as  to  the  framing 
^  and  working  of  Proportions  therein,  it  will  be  neceffary  you 
fhould  underfland  how  to  make  a  Spheric  Triangle,  and  to 
meafure  any  of  its  Parts  :  In  Order  thereunto  I  have  contri¬ 
ved  the  following  Problems,  which  I  call  Spheric  Geometry . 

SeBion  I.  Spheric  Geometry  explained  by  Definitions  and 

Problems  J 

Definition  j.  OPheric  Geometry ,  is  that  by  which  the  Circles 
^  of  the  Sphere  are  defcribed,  drawn  or  pro¬ 
jected  on  a  Plain  * 

2.  A  Sphere  or  Globe ,  is  a  round  Body,  made  by  the  moving 
of  a  Semi-circle  about  its  own  Diameter,  till  the  Motion  end 
where  it  began 

3.  The  Projection  of  the  Sphere ,  is  either  Arthographicai,$te- 
rographical,  or  Gnomonical. 

4.  Orthographical ,  is  theL  drawing  the  Superficies  of  the 
Sphere  on  a  Plain,  which  cutteth  the  Sphere  in  the  middle, 
with  refpeCt  to  the  Eye  being  placed  perpendicular  to  it,  and 
at  an  Infinite  Diftance  therefrom  :  This  Projection  maketh 
ufe  only  of  a  Scale  of  Chords ,  and  of  Sines. 

5.  Stereograpbical,  fhewetb  how  to  defcribe  the  Sphere’s  Su¬ 
perficies  on  a  Plain,  which  cutteth  it  in  the  middle,  with  re- 
fpeCl  to  the  Eye  being  placed  in  the  Sphere’s  Superficies, 
perpendicular  to  the  Center  of  the  laid  Plain. 

6.  Gnomonical  ProjeBing  the  Sphere ,  is  drawing  the  Superficies 
on  a  Plain  touching  it,  with  refpeft  to  the  Eye  being  placed 
in  the  Sphere’s  Center. 

Thefe  two  laft  make  ufe  of  a  Scale  of  Chords ,  Tangents ,  and 
Secants. 

7.  All  Circles  of  the  Sphere,  are  either  Great  Circles,  which 
cut  it  in  two  equal  Parts  5  or  Leffer  Circles,  which  cut  it  in 
fcwo  unequal  Parts; 


8.  The 
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8.  The  Flab  on  which  the  Sphere  is  proje£led,  is  that  Cir¬ 
cle  which  bounds  or  limits  the  Projection,  and  is  reprefented 
by  the  Circle  ABCDEBA.  Plate^.  Fig  7. 

9.  A  Great  Circle,  is  either  the  Primitive  Circle*  a  Right- 
'Circle,  or  an  Oblique  Circle. 

Thefe  Circles  confidered  feverally,  or  jointly,  afford  divers 
Problems ,  which  are  thefubjeCi  matter  ot  Spheric  Geometry  >  and 
are  fuch  as  follow's. 

Problem  I.  To  find  the  Pole  of  any  Great  Circle* 

l 

Definition  1.  A  Great  Circle ,  is  either  the  Primitive  Circle^ 
as  BCDEB  5  or  a  Right  Circle,  as  the  Diameter  BAD  5  or  an 
Oblique  Circle,  as  the  Arch  BFD.  Plate  3.  Fig,  7. 

2.  The  Pole  of  a  Great  Circle ,  is  a  PunCt  every  way  90  De¬ 
grees  diftant  from  it.  And. 

Note  1.  The  Pole  o( a  Gteat}  Circle,  is  either  upon  the  Primi¬ 
tive  Circle,  or  within  it. 

2.  When  the  Pole  is  within,  it’s  either  at  the  Primitive  Cir¬ 
cle’s  Center,  or  not. 

In  this  Problem,  are  three  Cafes. 

Problem  I*  Cafe  1.  The  Pole  of  the  Primitive  Circle  is  required* 

Example .  BCDE  The  Primitive  Circle  given  5  to  find  the 
Pole  thereof  i3  required.  Plate  3.  Fig.  7, 

The  Rule.  Find  A,  the  Center  of  the  Primitive  Circle  BCpE* 
which  Center  A  is  the  Pole  required. 

Problem  I.  Cafe  2,  Tie  Pole  of  a  Right  Grets  is  required. 

Definition.  A  Rigte  Circle  paffeth  through  the  Center  of  the 
Primitive  Cncle ,  and  in  the  Projeffion  is  a  Diameter;  as  BAD.. 

Note ,  A  Ri?bt  Circle  hath  its  Pole  on  the  Primitive  Circle. 

Example.  The  Pole  of  the  Right  Circle  BAD  is  required. 
Plate  3.  Pig,  7. 

The  Rule.  From  the  Chords  lay  90  Degrees  on  thePnmitive 
Circle  from  B  or  D,  both  ways  to  C,  or  E  :  I  lay  C,  or  E,  are 
the  Poles  of  the  Right  Circle  BAD. 

Problem  I.  Cafe  3.  The  Pole  of  an  Oblique  Circle  is  required . 

Definition.  An  ObliqueCPcle  paffeth  not  through  theCentcrof 
the  Primitive  CircU,  and  in  the  Proje£llon  is  reprefented  by 
an  Arcb  .  as  BFD,  Plate  3,  figure  7,  Note 
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Note  i.  The  Poles  of  an  Oblique  Circle,  is  in  a  Diametef 
which  paffeth  through  its  Center. 

2  One  cf  the  Poles  of  an  Oblique  Circle,  Iieth  between  the 
Centers  of  the  Primitive,  and  Oblique  Circles; 

3.  Every  Great  Circle,  whether  Right,  or  Oblique,  cutteth 
the  Primitive  ,  diametrically  oppofitfc, 

Example, 

B  BFD  thePObiiJelCircle  and|  t  Ym  Center  ^ven- 

The  Pole  of  an  Oblique  Circle  BFD  is  required.  Plate  3,  Fig.  7; 

The  Rule  1. Through  A  and  Y,  draw  a  Diameter,  to  cut  the 
Primitive  Circle  in  C  and  E,  and  the  Oblique  Circle  in  F. 

2.  Lay  a  Seale  on  B  and  F,  to  cut  the  Primitive  Circle  in 
G  5  which  is  called  Reducing  F  to  the  Primitive  Circle. 

3*  Take  90  Degrees  (from  the  Scale  of  Chords )  and  lay  it  on 
the  Primitive  Circle*  from  G  both  ways  to  FL 

4.  Reduce  H  to  the  Diameter  CAE,  by  laying  a  Scale  oh  B 
And  H,  to  cut  the  Diameter  CAE  in  I,  both  within  the  Pri*5* 
ihitive  Circle  and  without,  either  of  which  Points  I  is  the  Pole 
of  the  Oblique  Circle  BFD. 

Problem  2*  To  Dejcrihe  a  Spheric  Angle, 

"Definition,  A  Spheric  Angle%  is  made  by  the  inteffeftion  of 
twb  Great  Circles  3  the  interfeftion  being  the  Angular  Pun&* 

Note.  In  this  Problem  are  two  Cafes. 

Problem  2.  Cafe  1.  To  make  an  Angle ,  that  the  Angular  PunB 

may  he  at  the  Center  of  the  Primitive  Circle. 

The  Rule.  Such  an  Angle  is  made  (in  all  refpe&s)  like  a 
Plain  Angle. 

Example.  An  Angle  BACe qualto  4od.  30m.  (whofe  Angular 
Pun£t  A  may  be  the  Center  of  the  Primitive  Circle^  is  requb 
red  to  be  made*  Plate  3.  Fig.  8. 

ii  With  a  Chord  of  60  Degrees  (oh  the  Center  A)  deferibe 
the  Primitive  Circle,  BCDE. 

2,  On  the  Primitive  Circle,  and  from  the  fame  Cfror^make 
BC  equal  to  4od.  301m 

3.  From  B  and  C  draw  two  RightCircles,  or  Diameters  thro1' 

A ,  which  will  conclude  the  Angle  BAC  required  to  be  made. 
Prob.  2.  Cafe  2.  To  make  an  Angle ,  that  the  Angular  PunB  may  he 

at  the  Primitive  Circle , 

The  Rulg.  Such  an  Angle  is  made  by  drawing  an  Oblique 
Circle  with  the  Secant  of  the  given  Angle* 
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Example,  An  Angle  EBP  equal  to  3  \d.  %GM.’(wboJe  Angular 
PtinB  B  may  he  at  the  Primitive  Circle }  ts  required  to  he  made  ? 
Plate  3.  Fig-  7- 

1.  Delcnbe  the  Primitive  Circle  BCDE,  as  before  dire&ecL 

2.  Lay  a  Scale  on  A  the  Primitive  Circle’s  Center)  and  cut 
the  Primitive  Circle  in  B,  and  D. 

3.  With  the  Secant  of  the  given  Angle)  34<L  30m-  and  one 
foot  in  B,  defcribe  the  Arch  Y. 

4.  With  the  fame,  and  one  Foot  on  Dcrofs  the  former  Arch 
Y  in  Y  3  the  Center  of  the  Oblique  Circle  BFD.  which  will 
conclude  the  Angle  EBF  equal  to  EDF,  required  to  be  made® 

Note  5  When  the  given  Angle  is  Obtufe,  fubtra£f  it  from 
180  Degrees,  and  with  the  Remainder  make  the  Angle  as  a- 
bove  directed,  and  it’s  done* 

Prob..  3.  To  draw  a  Great  Circle  through  any  given  PunB^  fo  that 
it  flail  make  at  the  Primitive  Circle  any  given  Angle. 

The  Rule  !•  With  the  Tangent  of  the  givenAngle,  and  one 
Foot  in  the  Center  of  the  Primitive  Circle,  make  an  Arch. 

2.  With  the  Secant  of  the  fame,  and  one  Foot  in  the  given 
Punft,  cut  the  former  Arch,  which  eroding,  is  the  Center  of 
the  Circle  required  to  be  drawn. 

Example*  Plate  3,  Fig  7, 

BCDE  the  Primitive  Circle 
»  A  the  Center  thereof —«***«* 

F  the  Pun^f  •-  ,i.*— * 

Through  F,  to  draw  an  Oblique  Circle, that  it  may  make  an 
Angle  at  the  Primitive  Circle,  equal  to  34d.  30m  is  required? 

Note:  The  given  Point  muft  be  fo  far  from  the  Center  of 
the  Primitive  Circle,  that  the  Tangent  from  the  Center,  and 
tho  Secant  (of  the  fame)  from  fhe  given  Pundl,  may  interfedf 
each  other  3  otherwife  it’s  impoidible. 

1.  With  the  Tang,  of  34d.  30m.  and  one  Foot  in  A,  make 
an  Arch  Y. 

a i  Then  with  the  Secant  of  the  fame,  and  one  Foot  in  F, 
etit  the  Arch  Y  in  Y  5  the  Center  of  the  Oblique  Circle  BFD, 
required  to  be  drawn  3  and  if  B,  and  D,  are  Diametrically 
oppofite,  it’s  done  true,  otherwife  not* 

Prob.  4.  To  draw  a  Great  Circle  through  any  two  PunBs  giveni 
either  both  within  the  Primitive  Circle ,  or  one  within ,  and  the  other 
without. 

The  Rule  r.  Draw  a  Linefrbm  the  Primitive  Circle’s  Center, 
through  one  (always  the  remoteft)  of  the  two  Puiifh,  to  cut 
the  Primitive  Circle,  and  produce  it  at  pleafure, 

H 

\ 
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..  From  *e  fe.d  puna  draw. »"^'Cefrom  thefirft  l  ine, 
the  Primitive  Circle,  that  is  9o  Primitive  Cir- 

3-  On  this  latt  Line,  and  ^ 

cle,  eretl  a  Perpendicular,  to  cut  the  nnx  1.1 

Puncf  .  n  a,,  and  this  laid  third  Point 

4  Through  the  two  given  ^  ,  P  agjeai  Geometry,  in 

draw  (  by  Chap.  1.  *8-  1  ™' .  '  J  „ 

/>dge  15J  an  Arch  of  Circle,  and  us  done. 

Example.  P/«t«  3-  %  9* 

BCDE  the  Primitive  Circle 
A  the  Center  thereof  — 

Through  F  and  G  to  cut  the 

i.  d  hrough  A  and  5  d_  ;t  further  atPieafure 

PrimitiveCircleinB land  D.  andcon  ^  C;rclefrom  B, 

Pun  ft.  ,  TT  ,  „  r;».r1p  as  IFGKH,  which 

jijsajs,' sswasfr-* 

and  it’s  done. 

Prob  5.  To  Jrav,  a  great  Circle  ^fendkukt  to,  or  at  Right  A- 

W'th/  Eii/f^Dww'a  great"  Circle  through  the  Pole  of  the 
giving  cS  a^ifs  perpendicular  to  tt,  or  it  makes 

*  In"this  Problem  are  four  Cafes. 

Prob.  5-  Cafe  x.  To  *.  -  <**  Ve^JUaUr  to  the  M*M» 

C,rclt'  •  -  i  „„  Kv  drawing  a  Diameter  through  the 
The  Rale.  This  is  done  y  ^  Center  of  the  Primi- 

Center  of  the  Primitt  pC'?1^  Right  Lines  drawn  through 
BCDE  the  wJWS*.- %*&*?*'  T° 

draw  a  great  Cirele  BAD  andita  perpendi-' 
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Prob.  J.  Cafe  2.  To  draw  a  Right  Circle  Perpendicular  to  a  riven 
.  .  Right  Circle. 

The  Rule.  This  is  done  by  drawing  a  Diameter  at  Right 

t;  r-'  '1°  f  fiven  R,giu  Circle  :  or  TJ2rter'ng  the  Primi- 
IVC  ircle  (by  Chapter  j.  SeBion  2.  Problem  8.  of  PraBical  Geo~ 

m'"y> ,n  Page  15^  with  two  Diameters. 

Rrnp  ,U  ®?a?PIe-  Pl*tc  3-  Plgute'f. 

n  a  n  *  ^n.nfI1!tlve  J  and  A  its  Center  \  * 

BAD  is  a  Right  £  Circle,  ^  j>given 

To  draw  a  Right  Circle  perpendicular  to  the  Right  Circle 
JdA  u  is  required  ?  ° 

Draw  CAE  perpendicular  to  BAD,  or  from  the  Chords  lav 
goo.  on  the  Primitive  Circle  from  B,  or  from  D  to  C  and  E- 

d^ne  r°U^^  ^  anc^  or  A  an^  R>  ^raw  a  Diameter,  and  itss 

Prob.  5.  Cafe  5.  To  draw  an  Oblique  Circle  perpendicular  to  a 

given  Right  Circle. 

p  T/  **  t^le  Boles  of  the  given  Right  Circle,  by 
P  ohlem  1.  Cafe  2.  of  Spheric  Geometry t  in  Page  111, 

£.  Draw  a  Circle  through  thofe  two  Poles,  and  it’s  dong„ 

rjnnt,  L  ^  .  Example.  Plate  3.  Fig.  7, 
cBCDR  thePrirmtive  Circle  y 

A  the  Center  thereof  * - *  (  pfven  • 

BAD  is  a  Right  Circle  S 

7  °n  an  Clique  Circle  perpendicular  to  the  Right  Cir¬ 
cle  BAD  is  required.  5 

l*  the  Chord  of  9od.  and  lay  it  from  B,  or  D  both 

de^BAD  an<1  Ei  Whkh  arc  the  two  Foles  of  Right  Cir* 

1  2*  any  Diflance,  and  one  foot  on  C  and  E,  draw  Af” 

Cfcsn^ut  each  other  in  X,  the  Center  of  the  Oblique  Cir¬ 
cle  L.VJ.L,  required  to  be  drawn. 

hate.  It  AG  be  known,  or  limitted  to  a  certain  Difhnce, 

then  it  s  done  by  drawing  a  Circle  through  the  thred Funds 
C,  O  and  E.  •  N 

\  2‘  R  A anY  hnown  quantity  of  Degrees,  then  take 

the  Secant  of  its  Complement,  and  fetting  one  foot  on  C  or 

c  in*.  W1  .  C,ofs  tIle  given  Right  Circle,  in  the  Center 
or  the  Oc?pque  Circle  required  to  be  drawn. 

H  a  x  • 
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Prob.  5.  Cafe  4.  To  draw  an  Oblique  Circle  perpendicular  to  a  gi* 

vert  Oblique  Circle. 

th  Rule.  i.  Find  the  Poles  of  the  given  Oblique  Circle,  by 
Prob.  i.  Cafe  3.  of  Spheric  Geometry,  in  Pages  III,  and  1 12. 

2.  Thro’  their  Poles  draw  a  Great  Circle,  which  will  cut 
the  Primitive  Circle  diametrically  oppofue,  and  it’s  done. 

Example.  Plate  3.  Fig.  10. 

BCD£  the  Primitive?  CIrcleana(  A  ±  ;ts  Center  g;ven. 
BFD  an  Oblique  5  l±) 

To  draw  another  Oblique  Circle,  perpendicular  to  the  U- 

blique  Circle,  BFD,  is  required. 

i.  FindG,  the  Pok  of  the  given  Oblique  Circle  BFD,  by 
Prob •  i.  Cale  3.  of  Spheric  Geometry,  in  Pages  ill  and  112. 

a,  Ihrough  6,  draw  the  Circle  H1GK,  to  cut  the 
Primitive  in  H  and  K,  and  the  Oblique  Circle  BFD  in  1 1 [to 
that  HAK  is  in  a  Diameter)  and  it's  done  3  tor  then  BiH  is 
a  Right  Angle,  and  the  Cicrles  BIFD,  and  HlGK,  are  per¬ 
*  Note  1.  If  the  Puna  l  (m  the  given  Oblique  Circle)  ; 
is  eiven}  then  draw  a  Circle  through  I,  and  the^  role 
by  Prob.  4.  of  Spheric  Geometry,  in  Page  i > t?,  and  it  s  done. 

^Or  2  If  it  he  requited  that  the  faid  Oblique  Circle  mail 
make  a  certain  Angle  at  the  Primitive  Circle,  then  draw  a  Cir- 
cle  through  G,  by  Prob *  3.  of  Spheric  Geometry  in  Page  113. 

Prob.  (J*  To  lay  any  quantity  of  Degrees  on  any  Great  Circle* 

In  this  Problem  are  three  Cafes. 

Prob.  is  Cafe  1.  To  lay  any  Quantity  of  Degrees  on  the  Primitive 

Circle . 

The  Rule.  This  is  done  by,  or  from  the  Scale  of  Chords. 

Example.  Plate  3.  Fig.  8« 

BODE  the  Primitive  Circle,  and  A  its  Center  given. 

To  lay  4od  30m.  on  the  Primitive  Circle  from  B  is  required . 
From  the  Scale  of  Chords,  take  4od.  30m.  and  lay  it  on 
the  Primitive  Circle  from  B  to  C,  and  it’s  done. 

1  \  1  .  - 

Prob.  6.  Cafe  a.  To  lay  any  Quantity  of  Degrees  on  a  Right- 
Circle. 

.  .  *s  / 

The  Rule .  This  is  done  from  the  Scale  of  Half  Tangents, 
counting  the  beginning  thereof  to  be  the  Center  of  the  Pri¬ 
mitive  Circle. 

Example^ 


Seft.  I. 
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BCDE  the  Primitive  Circle,  and  A  its  Center  V  . 

BAD  is  a  Right  Circle  «•— - -  — — — «  <— — >j  §(veri  5 

On  the  Right  Circle  BAD,  and  from  A,  to  lay  4od,  30m,  or 
from  B  to  lay  49d*  30m.  is  required. 

^  Prom  the  Half  Tangents,  take  4od.  30m,  and  lay  it  onBAD 
from  A  to  /  5  or  49d.  30m.  the  contrary  way  of  the  Half 
Tangents,  laid  from  B  to  /,  and  it’s  done.  For  A /  and  l  R  to¬ 
gether  is  equal  to  90  degrees, 

Prob,  6,  Cafe  3.  To  lay  any  Quantity  of  Degrees  on  an  Oblique 
Circle. 

The  Rule  1.  Find  the  Poles  of  the  given  Oblique  Circle, by 
Problem  1.  Cafe  3.  of  Spheric  Geometry ,  in  Pages  1  ri  and  1 12® 

2.  Lay  the  given  Quantity  of  Degrees  on  the  Primitive 
Circle,  by  Cafe  1.  of  this  Problem. 

3.  Reduce  it  from  the  Primitive  Circleto  the  given  Oblique 
Circle  by  the  help  of  its  Pole,  and  its  done. 


Example.  Plate  3.  Figure  1 1, 


On  the  Oblique  Circle  BFD  (from  B;  to  lay  $id.  30m.  is 
required  ? 

1.  By  I  and  A,  draw  the  Diameter  CAE,  and  findG  the 
Pole  of  the  Oblique  Circle,  by  Prob .  1.  tafe  3.  in  Page  nr. 

2.  From  the  Scale  ciChords,  take  5 1 30m.  and  lay  it  on 
the  Primitive  Circle,  from  B  to  H. 

3.  Lay  a  Scale  on  G  and  H,  to  cut  the  Oblique  Circle  BFD 
in  I,  then  is  Bl  on  the  Oblique  Circle  equal  to  5  id.  30m.  as 
required. 

Prob.  7  To  meaf ure any  Part  oj a  Great  Circle, 

In  this  Problem  are  three  Cafes,  which  are  but  the  Converf® 
of  thofein  thelaft  Problem* 

Prob.  7.  Cafe  i.  To  meafure  any  Part  of  the  Primitive  Circlel 

The  Rule.  Take  the  part  required  to  be  meafured,and  lay 
it  on  the  Scale  of  Chords,  and  it  ilieweth  how  much  it  is* 


Example*  Plate  4.  Fig,  8. 

BCDE  the  Primitive  Circle,  and  A  it’s  Center  given  3 


To  meafure  BC,  a  Part  ofthirPrimithe  Circle ,  is  required. 

Take  the  Extent  BC  in  the  Compares,  and  lay  it  on  the 
Chords,  which  will  fhew  how  many  Degrees  BC  doth  meafure 


H  3 


Prob^ 
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Prob.  7.  Cafe  2,  To  rneafure  any  Part  of  a  Right  Circle, 

Thj  Rule  1,  If  the  Part  to  be  meafured  Heth  next  the  Cen« 
ter  of  the  Primitive  Circle,  then  its  meafured  on  the  Scale  of 
Half  Tangents y  from  the  Brafs  Center-pin  at  the  Beginning 
thereof. 

2  When  the  Part  to  be  meafured  lieth  next  the  PrimL 
tive  Circle,  then  it’s  meafured  on  the  Scale  o {  Half  Tangent s% 
from  po  deg.  counting  8od  to  be  rod.  70  to  be  20,  60  to  be 
|p>,  e?r. 

Example.  Plate  3.  Fig  7. 

BCDE  the  Primitive  Circle,  and  A  its  Center  [  . 

BAD  a  Right  Circle  - - — - — '  —  f  §iven  § 

To  rneafure  A  /,  or  B  /,  on  the  Right  Circle  BAD,  is  required  ? 

1.  Take  4f  and  lay  it  on  the  Scale  of  Half  Tangents 
from  the  Brafs  Center-pin  (at  the  Beginning  of  it)  which  will 
Ihew  how  many  Degrees  it  is.  Or, 

2.  Take  B  l,  and  lay  it  on  the  Scale  of  Half  Tangents  from 
pod.  backward,  counting  Sod.  to  be  to,  and  70  to  be  20, 
0Y. fo  will  it  fhew  how  many  Degrees  B  /is.  And. 

Note ;  That  A  /,  and  B  /,  will  make  together  juil  pod-  they 
being  Complements  to  ea^h  other. 

Prob*  7.  Cafe  3.  To  rneafure  any  Part  of  an  Oblique  Circle . 

The  Rule  1 .  Find  the  Poles  of  the  given  Oblique  Circle,  by  * 
Pfoh.  i.  Cafe  3.  of  Spheric  Geometry ,  in  Pages  1 1 1  and  iiz» 

2 .  Lay  a  Scale  on  either  of  the  laid  Poles  and  the  Part  defi¬ 
ned  to  be  meafured,  and  reduce  it  to  the  Primitive  Circle. 

qr  It. being  reduced  to  the  Primitive  Circle,  its  meafured 
cm  the  Scale  of  Chords 9  as  before  in  Cafe  j.  of  this  Problem. 


Example.  Plate.  3.  Fig.  11* 

BCDE  th  PrMrive  >  c/(f/  ani  J  A  y  r  . 

B1FD  an  Oblique  f  ’  IYS  6  .  7 

To  rneafure  B  1,  and  F  I,  on  the  Oblique  Circle  BIFD  fs  required. 

1.  Find  G  the  Poles  of  the  Oblique  Circle  BIFD,  by  Prab.i. 
€aje  3.  op  Spheric  Geometry ,  in  Pages  111,  and  11 2. 

\  'Lay  a  Scale  on  G  and  I,  to  cut  the  Primitive  Circle  in 

11. 

>  Then  EH  meafured  on  the  Scale  of  Chords  Is  the  mea« 

t  -  ■  .  . i '•  '  ■  ■  '  -  ,  ■  >.  >.  ■  •>.  '  _ 

fee? 
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of  B  1 5  and  EH  on  the  fame  Scale  of  Chords  is  the 

ire  of  FI.  , 

Prob.  8.  To  meafure any  Spheric  single. 

In  th  is  Problem  are  four  Cafes,  and  this  is, 

General  Rule.  A  Spheric  Angle  is  meafured  by  the  Arch 
reat  Circle,  intercepted  between  the  twocontainingSides, 
.ngular  Pun£t  being  the  Pole  of  that  Circle.  Or  the  Di^ 
e  of  the  Poles  of  the  containing  Sides,  is  equal  to  the 
ure  of  the  contained  Angle. 


>,  8.  Cafe  I*  To  meafure  an  4ngle>  •when  its  Angular  Punfl  is 
the  Center  of  the  Primitive  Circle . 

;he  Rule,  ^uch  an  Angle  ismeafuied  (like  a  Plain  Angle) 
the  Primitive  Circle,  by  a  Scale  of  chords. 

—  -  '  /  \ 

Example.  Plate  3.  Pig  8. 

3E  the  Primitive  Circle,  A  its  Center,  and  the  Angular 
pun<ft  given  :  to  meafure  the  Angle  BAG  is  required, 
kike  B  C,  and  meafure  it  on  •  the  Scale  of  Chords ,  fhews 
Angle  how  much  it  is. 

h.  8.  Cafe  3.  To  meafure  an  single,  when  its  singular  PunB 

is  at  the  Primitive  Circle. 

'he  Rule.  1.  Find  the  Poles  of  the  two  containing  Sides,  by 
\  j.  of  Spheric  Geometry ,  in  Pages  nr.  and  1 12. 

.  The  Diftance  of  thofe  two  Poles,  is  the  meafure  of  the 
tired  Angle. 

tote  1.  When  the  two  Poles  are  in  one  Diameter  or  Right 
cle.  it’s  meafured  on  the  Scale  of  Half  Tangents. 

.  When  they  are  not  in  one  Diameter,  then  reduce  them 
he  Primitive  Circle,  by  laying  a  Scale  on  the  Angular  pun£k, 
,  the  faidtwo  Poles  which  Diftance  being  meafured,  on  the 
,leof  Chords ,  is  the  meafure  of  the  required  Angle. 


Example,  Plate  3.  Fig  8. 

K  t  r**.  -  { ?}*>  c-~  . 

To  meajure  the  jdnyle  EDF  ecjual  to  the  single  EB£  is  requite  el  a 
li  Through  A  and  Y,  draw  a  Diameter  to  cut  the  Ptimi« 
ve  Circle  in  Hand  I,  and  the  Oblique  Circle  in  O. 

%.  In  the  Diameter  I  AH,  dnd  K,  the  Pole  of  the  Oblique 
ircle  BGFD.  . 

2,  The  Diftance  A  K3  or  G  I,  meafured  on  the  Scale  of 

%  ^  H  4  Half- 
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Prob.  7.  Cafe  z,  To  me  afire  any  Part  of  a  Right  C  ire  It 


The  Ruie  f,  If  the  Part  to  be  rneafured  lieth  next  th 
ter  of  the  Fri  mitive  Circle,  then  its  rneafured  on  the  6 
Half  Tangents,  from  the  Brafs  Center-pin  at  the  Beg 
thereof. 

2  When  the  Part  to  be  rneafured  lieth  next  the 
tive  Circle,  then  it’s  rneafured  on  the  Scale  o P  Half  To 
from  po  deg.  counting  8od  to  be  iod.  70  to  be  20,  6c 
50,  c &C. 

Example.  Plate  Fig  7. 

BCDE  the  Primitive  Circle,  and  A  its  Center  J  . 

BAD  a  Right  Circle  - — - —  — - f  §lVei' 

To  meafire  A  /,  or  B  /,  on  the  Right  Circle  BAD,  is  required  ? 

1. Take  A  l,  and  lay  it  on  the  Scale  of  Half  Tan 
from  the  Brafs  Center-pin  (at  the  Beginning  of  it)  which 
phew  how  many  Degrees  it  is.  Or, 

2.  Take  B  /,  and  lay  it  on  the  Scale  of  Half  Tangents 
pod.  backward,  counting  Sod.  to  be  to,  and  70  to  b 
0Y.  fo  will  it  fhew  how  many  Degrees  B  /  is.  And. 

Note ;  That  A  /,  and  Bl ,  will  make  togefcherjufl  pod 
being  Complements  to  ea^h  other. 


Prob*  7.  Cafe  3.  To  meafire  any  Part  of  an  Oblique  Cir 


The  Rule  5.  Find  the  Poles  of  the  given  Oblique Circ 
Prob.  1.  Cafe  3.  of  Sfieric  Geometry ,  in  Pages  1 1 1  and  if 

2.  Lay  a  Scale  on  either  of  the  laid  Poles  and  the  Par 
red  to  be  rneafured,  and  reduce  it  to  the  Primitive  Circle 

3,  It.  being  reduced  to  the  Primitive  Circle,  its  mea 
on  the  Scale  of  Chords,  as  before  in  Cafe  j.  of  this  Probk 


Example,  Plate-  3.  Fig.  11* 

lyoDii.  the  Prmtnu  ?  Ch  cle  and  A  y  fits  Center  given  z 
B1FD  an  Oblique  f  9  ^  #  ? 

To  meafire  B  1,  and  F  ty  on  the  Obhque  Circle  BIFD  fs  requ 
1.  Find  G  the  Poles  of  the  Oblique  Circle  BIFD,  by  P 
Cafe  3.  ol  Spheric  Geometry,  in  Pages  ill ,  and  1 1 z; 

\  Lay  a  Scale  on  G  and  I,  to  cut  the  Primitive  Cir< 

XL  ’ 

•  Then  EH  rneafured  on  the  Scale  of  Chords  is  the 
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fure  of  B  1 5  and  EH  on  the  fame  Scale  of  Chords  is  the 

meafure  of  FI.  , 

Prob.  8.  To  meafure any  Spheric  single. 

In  this  Problem  are  four  Cafes,  and  this  is, 
ji General  Me.  A  Spheric  Angle  is  meafured  by  the  Arch 
of  a  great  Circle,  intercepted  between  the  twocontainingSides, 
the  Angular  Pun£l  being  the  Pole  of  that  Circle.  Or  the  Dh? 
fiance  of  the  Poles  of  the  containing  Sides,  is  equal  to  the 
meafure  of  the  contained  Angle. 


Prob>  8.  Cafe  I»  To  meafure  an  Angle,  when  its  Angular  Punfl  is 
the  Center  of  the  Primitive  Circle. 

The  Rule,  ^uch  an  Angle  ismeaioted  (like  a  Plain  Angle) 
on  the  Primitive  Circle,  by  a  Scale  of  chords. 

*  '  7  ~  \ 

Example.  Plate  3.  Pig  8. 

BCDE  the  Primitive  Circle,  A  its  Center,  and  the  Angular 
pumft  given  :  to  meafure  the  Angle  BAG  is  required. 
Take  B  C,  and  meafure  it  on  •  the  Scale  of  Chords ,  fhews 
the  Angle  how  much  it  is. 

Prob.  8.  Cafe  3.  To  meafure  an  Angle,  when  its  Angular  PunB 

is  at  the  Primitive  Circle. 

The  Rule.  1.  Find  the  Poles  of  the  two  containing  Sides,  by 
Prob .  I.  of  Spheric  Geometry ,  in  Pages  in.  and  ill. 

2.  The  Diftance  of  thofe  two  Poles,  is  the  meafure  of  the 
required  Angle. 

Note  1.  When  the  two  Poles  are  in  one  Diameter  or  Right 
Circle,  it’s  meafured  on  the  Scale  of  Half  Tangents. 

2.  When  they  are  not  in  one  Diameter,  then  reduce  them 
to  the  Primitive  Circle,  by  laying  a  Scale  on  the  Angular  pun£l , 
and  the  faidtwo  Poles  which  Diftance  being  meafured,  on  the 
Scale  of  Chords ,  is  the  meafure  of  the  required  Angle. 


Example,  Plate  3.  Fig  8. 

ssstssr 

To  meafure  the  Angle  EDF  equal  to  the  Angle  EBF  is  required* 

Ji  Through  A  and  Y,  draw  a  Diameter  to  cut  the  Ptimk 
tive  Circle  inH  and  I,  and  the  Oblique  Circle  m  G. 

2.  In  the  Diameter  I  AH,  ftnd  K,  the  Pole  of  the  Oblique 
Circle  BGFD.  . 

a.  The  Diftance  A  K,  or  G  I,  meafured  on  the  Scale  of 

H  4  Half- 
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Half  Tangents  (the  latter  thecontrary  way  on  that  Scale  from 
5>od.)  Iheweth  how  much  the  Angle  EDF  or  EBF  is. 

Frob.  8.  Cafe'3.  To  meafure  an  Angle  when  its  Angular  Pun fi  is 
not  in  the  Center  of,  nor  at  the  Primitive  Circle. 

The  Rule  is  this,  i-  Find  the  two  Poles  of  the  two  contain¬ 
ing  Sides,  by  Problem  1,  in  Pages  ill  and  112,. 

°2.  Reduce  thofe  twoPoles  to  the  Primitive  Circle,  then  mea¬ 
fure  the  Diftanceof  them  on  a  Scale  of  Chords ,  and  it’s  done. 


Note,  Reduce,  is  to  lay  a  Scale  on  the  Angular  pun$  (re¬ 
quired  to  be  mealured)  and  the  faid  two  Poles  to  cut  the  Fri~ 
f nitive  Circle , 

Example.  Plate  5.  Fig.  8. 

ECDE  , be  Primitive  5  }  \iuCmur~ - 

BGFD  an  Oblique—  >  Circle,  and  <  Y  f 
CAFE  a  Right  —  —  3  (  cuts  the  Oblique  in  F* 

To  meafure  the  Angle  DFE?  or  BFE  is  required  ? 

1.  Through  A  and  Y  draw  the  Diameter  IAH,  and  in  it 
find  K  the  Pole  of  the  Oblique  Circle  BGFD  $  as  before  in 

the  iaft  Cafe.  _ 

2.  Find  L  the  Pole  of  the  Right  Circle  CAFE,  by  Prob .  f' 

Ca fe  2.  of  Spheric  Geometry ,  in  Page  ill. 

2.  Reduce  K  to  the  Primitive  Circle  (by  laying  a  Scale  on 
F,  and  Kj  to  cut  the  Primitive  Circle )  and  it'sM  :  Then  LM 
meafured  on  the  Chords ■  fheweth  how  much  the  Angle  DFE, 
or  BFE  is  3  one  Acute  and  the  other  Obtufc. 


Prob.  8*  Cafe  4*  To  meafure  an  Angle,  when  the  containing  Sidy 

•  are  both  Oblique  Circles . 

Example.  Plate  3*  Fig .  1 2! 

BCDE  the  Primitive  C  A  V 

CHFE  an  oblique  >  Circle,  and  ^  I  i  its  Center  given  5 

BGFD  an  Oblique  3  C  X  3 

To  meafure  the  Angle  Di-E,  of  BFE  i3  required  ‘I 

i .  By  A  and  Y,  and  A  and  X,  draw  two  Diameters^ in 
them  Sod  I  and  K,  the  two  Poles  of  the  containing  Sides,  by 
Prob.  1.  Cafe  3.  of  Spheric  Geometry,  in  Pages  m  and  112. 

Reduce  thole  two  Poles  I  and  K,  (by  laying  a  Scale  on 
the  Angular  punCt  F,  and  them)  to  cut  the  Primitive  Circle 
in  L  and  M  $  which  being  meafured  on  the  Chords  fheweth 
how  much  the  Angie  DFE,  or  BFE  is;  one  Acute*  the  other 
Obtufc*  ‘  ,  1  A  ,  •'  j 

Prob, 
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•  • 

Frob.  9.  To  draw  a  Parallel  Circle. 

Definition.  A  Parallel  Circle,  or  lefter  Circle,  cutteth  the 
Sphere  into  two  unequal  Parts,  and  lieth  Parallel  to  a  Great 
Circle.  In  this  Problem  are  three  Cajes. 


Prob.  9.  Cafe  1.  To  draw  a  Parallel  Circle  parallel  to  the  Primitive 
Circle ,  at  any  given  Difiance  from  it9  or  from  its  Pole. 

The  Rule.  With  the  Half  Tangent  of  its  Diftance  from  the 
Pole,  and  one  Foot  on  the  Center  of  the  Primitive  Circle, 
draw  a  Circle,  and  it’s  done*  / 


Example.  Plate  3.  Fig.  7. 

BCDE  the  Primitive  Circle,  A  its  Center  given  3  to  draw  a 
Circle  parallel  to  BCDE,  at  3od.  diftance  from  it,  is  required? 

With  the  Half  Tangent  of  tfod.  (the  Complement  of  30c!. 
and)  its  Diftance  from  the  Pole  of  the  Primitive  Circle,  let  one 
Foot  in  A  (the  Center  and  Pole  of  the  Primitive)  and  defcribe 
the  Circle  Imn  0,  which  is  parallel  as  required* 

Prob.  9.  Cafe  1.  To  draw  a  Circle  parallel  to  a  Right  Circle • 

The  Rule  i*  From  the  Chords  lay  the  Parallel’s  Diftance 
from  the  Right  Circle  3  or  the  Complement  thereof,  from 
the  Pole  of  the  Right  Circle  both  ways,  and  note  thofe  two 
Marks,  on  the  Primitive  Circle, 

2.  With  the  Tangent  of  the  Parallel’s  Diftance  from  the 
Pole  of  the  Right  Circle,  and  one  Foot  on  each  of  thofe  two 
Marks,  defcribe  Arches,  to  cut  each  other  in  the  Center  of 
the  Parallel  Circle  required  to  be  drawn. 


Example.  Plate  3.  Fig. ,  7* 

BCDE  the  Primitive  Circle,  and  A  its  Center!  •  ■ 

BAD  is  a  Right  Circle . . .  — >  J  n' 

To  draw  a  Circle  parallel  to  B  A  Ds  at  40 d-  Diflance  from  it%  or 
50 d.  Dijlatict  from  C,  its  Pole  is  required  ? 
r.  Lay  4od.  from  B  to  p,  and  from  D  to  q  3  or  lay  it’s 
Complement  5od.  from  C  both  ways  to  the  faid  p  and  q. 

With  the  Tangent  of  5od,  and  one  Foot  on  make 

the  Arch  y  3  which  crofting  at  y,  is  the  Center  of  the  Parallel 
Circle  pr  q  required  to  be  drawn. 

Fr&k 
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Proh.  9*  Cafe  3.  To  draw  a  Circle  Parallel  to  an  Oblique  Circle . 

T he  Rule.  f.  Find  the  Pole  of  the  given  Oblique  Circle,  by 
Proh.  i.  Cafe  3.  in  Pages  in  and  1 12,  which  reduce  to  the 
Primitive  Circle;  and  therefrom  lay  the  Parallels  Diftancefrom 
ike  Pole  both  ways,  which  being  reduced  to  the  Right  Circle, 
is  the  Diameter  of  the  Parallel  Circle. 

2.  Find  the  middle  of  thofe  two  marks  which  is  the  Center 
©£ the  Parallel  palling  through  thofe  Marks,  and  itss  done. 

Example*  Plate  3.  Ftg  ir. 

BCDE  thePrimitive  ?  ,  j  J  A  )  •  n  4.^  * 

BIFD  an  Oblique  >C,rcle!indl  Y  Center  g.ven.- 

To  draw  a  Circle  parallel  to  BIFD,  at  4od.  diftance  from 
It,  or  5od,  diftance  from  its  Pole  is  required, 

1.  Find  G  the  Pole  of  the  given  Oblique  Circle  BIFD,  by 
pyob  I.  Cafe  3  of  Spheric  Geometry ,  in  Pages  in  and  112. 

%.  Meafure  AG  on  the  Half  Tangents,  and  iuppofe  it  to  be 
3od.  then  add  50  to  it,  and  fubtratl  it  from  50  $  tne  Sum  Sod. 
lay  from  A  to  k  ?  and  the  Difference  2od.  lay  from  A  to  /  Or 
thus,  Reduce  G  to  the  Primitive  Circle,  and  from  it  lay  sod* 
both  ways,  which  reduce  to  the  Right  Circle,  gives  the  fame 
points  k.  and  /. 

3-  Find  m  the  middle  between  k  and  /,  and  on  m  as  a  Cen¬ 
ter  draw  a  Circle  to  pafs  through  k  and  /,  which  is  the  Parallel 
Circle  required  to  be  drawn., 

Thus  much  for  Problems  neceftary  for  the  making  and  mea- 
furing  Spheric  Triangles  $  which  I  advife  the  Learner  to  ac° 
•quaint  himfelf  with,  and  then  the  following  Applications  will 
be  the  better  underftood. 


SefKon  II,  The  ufeof  the  Nine  prceeeding  ProbhmSyin  making  any 
Spheric  Triangle ,  and  meajurmg  its  Parts  5  or  the  Dotlrine  of 
Spheric  Triangles  Geometrical 

Definition  1.  A  Sphere  or  Globe,  is  a  round  Body  made  by 

the  moving  a  Semicircle  about  its  own  Dia¬ 
meter,  till  the  Motion  end  where  it  fir  ft  began  The  Semi¬ 
circles  Diameter,  is  the  Axis,  or  Diameter  of  the  Sphere  $  in 
the  middle  of  which  is  a  Pun£f,  called  the  Center  5  from 
whence  allRight  Lines  drawn  to  the  Surface?  or  outflde  of  the 
Sphere  are  equal. 

2.  A  Spheric  Triangle,  is  defcribed  on  the  Surface  of  the 
Sphere  3  whofe  Sides  are  the  Arches  of  three  great  Circles,  mu« 
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tually  interfering  each  other  ;  and  is  either  Quadranta] 
Rectangular  •  or  Gbliquangular.  * 

(  A  Quadrantal  >  f  one  Side  \ 

<  A  ReCtanguIar  >  Triangle  hath  <  one  Angle!  9°dm 
l  An  Obliquangular  3  (  noSide  aQuadrant 

or  pod*  nor  any  Angle  pod. 

Note  1.  In  every  Spheric  Triangle,  each  Side  is  lefs  than 
t8o  Degrees. 

2.  The  Sum  of  any  two  Sides,  is  greater  than  the  Third 

Side, 

3.  The  Three  Sides  added  together,  their  Sumis  lefs  than 
360  Degrees. 

4.  The  Sum  of  the  Three  Angles,  is  eyer  more  than  i8odJ 

but  lefs  than  540  Degrees.  , 

Prob  to.  The  Hyvotenufe  and  'one  Leg  given  °  to  make  a  Rec¬ 
tangular  Spheric  Triangle. 

Note ,  To  make  a  ReCtangle  Spheric  Triangle,  two  Things* 
befides  the  ReCtangle  mutt  be  given. 


Examples  Plate  4.  Fig.  j. 

»!Sg7±5g;sj*» 

With  them  to  make  a  ReCtangle  Spheric  Triangle  is  re¬ 
quired. 

1.  Draw  the  Primitive  Circle  with  a  Chord  of  <>od,  a  Sine 
of  pod.  or  with  a  half  Tangent  of  pod.  and  quarter  it,  which 
mu  ft  be  done  in  every  Problem , 

Then  confider  whether  one  of  the  Oblique  Angles  fhall  be 
at  the  Primitive  Circle,  or  at  its  Center. 


Tirft}  If  at  the  Center  of  the  Primitive  Circle,  then, 

I  Draw  (by  Prob.  p»  Ga/e  1.  of  Spheric  Geometry)*.  Circle 
rallel  to  the  Primitive,  at  54d.  25m  (the  given  Hypotenufe) 
diftance  from  its  Pole  *  that  is,  with  the  Half  Tangent  of 
54d,  25m.  and  one  Foot  on  A)  the  Center  of  the  Primitive 
Circle)  defcribe  a  Circle. 

2.  Then  (by  the  2 d  Cafe  of  the  aforefaid  Prob.)  draw  a  Cir¬ 
cle  Parallel  to  a  Right  Circle  at  23d.  30m*  (the  given  Leg)  di« 
ftance  from  it;  Thefe  two  Parallel  Circles  cut  each  other  in  CL 


2.  Through  A  and  C,  draw  a  Great  Circle,  which  in  this 
Cafe,  is  a  Right  Circle •  that  is,  a  Diameters  And  from 
Cj  (by  Prob,  5,  Cafe  3,  of  Spheric  Geometry 9  in  Page  1153d  raw 

£ 
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a  Great  Circle  perpendicular,  or  at  Right*  Angles  to  A  B  5 
which  in  this  Cafe  will  be  an  Oblique  Circle,  and  it’s  done. 
Or,  b 

Secondly  To  make  the  Triangle,  that  one  of  its  Oblique 
Angles  may  be  at  the  Primitive  Circle. 

1.  The  Circle  being  defcribed,  and  quartered  as  before  di¬ 
ffered.  Then,  1  , 

2.  Draw  (by  Prob.  of  Spheric  Geometry')  a  Circle  parrallel 
to  a  Right  Circle,  at  54d*  25m.  difhnce  from  A  its  Pole. 

And  (by  the  forefaid  Problem  draw  a  Circle  parallel  to 
the  Primitive  Circle,  at  23d.  30m.  diftance  from  it,  to  cut 
the  former  Parallel  Circle  in  C. 

4.  Then  through  A  and  C  draw  a  Great  Circle  3  which  in 
this  Cafe  will  be  an  Oblique  Circle  :  and  from  C  (by  Prob*,  5, 
Cafe  1:  of  Spheric  Geometry ,  in  Page  114)  draw  a  Great  Circle 
pependicular  to  AB  3  which  in  this  Cafe  will  be  a  Right  Cir¬ 
cle,  and  it’s  done. 


To  meafure  the  Things  required* 

AB - - *5 

ismeafured^  7*  Pa5e  *I7« 


T^e [^AnglesBAC  and  ACB^  by  Prok  ^8fPageit8}iip. 


Prob®  II.  The  Hypothemfe  and  one  Angle  give#  3  to  ma\e  a  Tri¬ 
angle* 


Example,  Platt  4.  Fig  2: 


The  jHypotenufe  AC  54d.  25m.}  . 

6  #  Angle  BAG  2pd.  30m.  j  § 

With  them  to  make  a  Redangle  Spheric  Triangle,  is  requi¬ 
red. 

Firfty  To  make  the  Triangle,  that  the  given  Angle  BAG 
may  be  at  the  Primitive  Circle’s  Center. 

1.  Having  defcribed  the  Primitive  Circle,  and  quartered  it, 
as  before  direded  in  Prob .  io.  make  the  Angle  BAG  equal  to 
29d.  30m.  (by  Prob .  2,  Cafe  1.  in  Page  112  of  Spheric  Geometry  3) 
That  is,  from  the  Scale  of  Chords,  lay  2  9d.  30m.  on 
the  Primitive  Circle,  and  therefrom  draw  a  Line  thro’  A 
the  Center  of  the  Primitive  Circle. 

2.  Make  AC  equal  to  5 4d.  25m.  by  Prob.  6.  Cafe  2.  in 
Page  1 16  of  Spheric  Geometry  3  that  is,  from  the  Scale  of 
Half  Tangents,  lay  54d.  25m.  from  A  to  C. 

3.  By  Prob*  5,  Cafe  3,  in  page  1 15,  draw  aCircle  from  C 

Vex  & 
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Perpendicular  unto  A  B,  to  cut  the  Right  Circle  A  B  in  B  j 
which  in  thisCajeis  an  ObLiqUe  Circle,  and  its  done. 

Secondly ,  To  make  the  Triangle  fo?  that  the  given  Angle 
may  be  at  the  Primitive  Circle. 

1.  After  thePrimitive  Ore/*  is  made,  and  quarter’d  as  before, 
let  A  be  one  of  thofe  Marks  or  Quarters  :  Then  by  Prob.  2 . 
Cafe  2.  in  Pagein.)  make  the  Angle  at  A  equal  to  25)  d.  30m. 
by  drawing  an  Oblique  Circle  with  the  Secant  of  the  givenAn- 
gle,  as  is  the  Oblique  Circle  A  C. 

2.  Then  by  Prob.  6 .  Cafe  3*  in  Page  1 1 7,  lay  54d*  25m.  on 
the  Oblique  Circle  from  A  to  C.  Or,  draw  by  Prob .  9.  Cafe  i, 
in  Page  12 1.)  a  Circle  parallel  to  a  Right  Circle  at  54d,  25m® 
diftance  from  A  it’s  Pole,  to  cut  the  Oblique  Circle  AC  in  C. 

3.  By  Prob .  5.  Cafe  1.  in  Page  1 14,  draw  a  Circle  from  C * 
perpendicular  to  the  Primitive  Circle  A  B  3  to  eut  AB  in  B  5 
which  in  this  Cafe  is  a  Right  Circle ,  and  it’s  done* 

Tomea/uretbe  Things  required. 

2 

Prob*  12.  A  Leg  and  hs  adjacent  Angle  given  3  to  mal{e  a  TriangU 

Example.  Plate  4.  Fig.  3, 

C  Lee  A  B - scd,  30m.  7 

\  Angle  B  A  C  25>d.  30m.  3  SlVeo  : 

With  them  to  make  aRedtangle  Spherical  Triangle  isrequir’d 

Firft ,  To  make  the  Triangle,  that  the  given  Angle  (BAC) 
may  be  at  the  Primitive  Circle's  Center. 

1.  The  Primitive  Circle  being  defcribed,  and  quartered  as 
before,  and  A  placed  at  it’s  Center  3  then  (by  Prob .  2.  Cafe  u 
in  Page  1 12.  of  Spheric  Geometry )  make  the  Angle  BA  C  equal 
to  2pd.  30m  by  drawing  the  Right  Circle  A  C. 

2.  By  Prob.  6.  Cafe  2.  in  Page  116 ,  make  AB  equal  to  fodi 
30m.  that  is,  from  the  Scale  of  Half  “Tangents,  lay  5od.  30m® 
on  the  Right  Circle  from  A  to 

3.  By  Prob .  y.CaJe  3.  in  Page  11 5,  draw  from  B  an  Oblique 
Circle ,  B  C ,  perpendicular  to  the  Right  Circle  A  B,  to  cut  the 
Right  Circle  A  C  inT7,  and  it’s  done.  Or  thus, 

From  the  Scale  of  Secants,  take  3  9d.  30m.  (theComplement 
of  AB  5od.  30m.)  fetting  one  Foot  in  B,the  other  Foot  mark® 
out  (on  the  Right  Circle  AB  extended)  the  Center  of  the  Q® 
blique  Circle  BCt  which  concludes  the  Triangle*  ^ 

Secondly ,  To  make  the  Triangle  fo>  that  the  given  Angle 

snay  be  at  the  Primitive  Circle.  ,  . 

'  1.  A 
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1.  A  being  on  or  at  rhe  Primitive  Circle,  then  (by  Prob.  z 
Cafe  2.  in  Page  112)  make  the  Angle  BAC  equal  to  ayd  50m. 
by  drawing  the  Oblique  Circle  AC,  with  the  Secant  thereof. 

2.  By  Prob.  6.  Cafe  i.  in  Page  1  16 .  make  AB  (on  the  Pri¬ 
mitive  Circle;  equal  to  jod.  30m.  by  laying  the  Chord  of  it, 
from  A  to  B, 


3. By  Prob.  5,  Cafe  I.  in  Pageu^  draw  a  great  Circle  from 
B,  perpendicular  to  AB*  as  the  Right  Circle  BC,  to  cut  the 
Oblique  Circle  AC  in  C,  and  it’s  done. 

To  me  afore  rhe  things  required . 

The  {  ApIi^AcS— by  MsP" 

Pages  i a 7 j  1 18  and  ii^t 

'  Prob.  13.  A  Leg  and  its  0^0 foe  Angle  given  ;  to  mage  a  Tri» 
angle. 


Example*  Plate  4.  Fig,  2 . 

The  4  L.eg  ,Bh7T  Z’f  9°m'  }>  eiven : 

/Angle  BAC  a^d.  30m.  iblv 

With  them  to  make  aRedtangle  SphericTriangle,  is  required^ 
Fir/}  ;  to  make  the  Triangle,  with  the  given  Angle  at  the 
Primitive  Circle’s  Center. 


1.  The  Primit  ive  Circle  drawn,  e?*c.  as  before,  and  A  at  its 
Center,  then  (by  Prob.  2,  Caje  1.  in  Page  1 1 2)  make  the  Angle 
BAC  equal  to  2pd.  30m.  by  drawing  two  Right  Circles  AB, 
and  A  C. 


2.  Draw  (by  Prob.  9.  Cafe  2*  in  Page  izif  a  Parallel  Circle, 
parallel  to  the  Right  Circle  AB,  at  23d.  30m*  diffance  from 
it,  to  cut  the  Circle  AC  in  C. 

3.  From  C  (by  Prob.  5.  Cafe  3.  in  Page  it  5)  draw  an  Oblique 
Circle  BC,  perpendicular  to  the  Right  Circle  AB,  to  cut  aB 
in  B  5  and  it’s  done. 

Secondly ,  To  make  the  Triangle,  that  the  given  Angle  may 
be  at  the  Primitive  Circle. 

1.  A  being  at  the  Primitive  Circle,  than  (by  Prob.  2 .  Cafe  2* 
in  Page  in')  make  the  Angle  BAC  equal  to  2pd.  30m,  by 
drawing  tne  Oblique  Circle  i^C,  with  the  Secant  thereof. 

2.  By  Prob.  9.  Cafe  r.  in  Page  121 ,  draw  a  Parallel  Circle, 
parallel  to  the  Primitive  Circle  AB,  at  2  3 d. 30m.  diftance  from 

to  cut  the  Oblique  Circle  AC  in  C.  Or  thus,  withtheHalf 
Tangent  of  tf6d.  30m.  (the  Complement  of  23d.  30m.)  and 
one  Foot  in  the  Center  of  the  Primitive  Circle,  with  the  other 
cut  the  Oblique  Circle  in  C. 

3.  From  C  i.by  Prob .  5.  Cafe  r.  in  Page  1 14)  draw  a  Right 

Circle 
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Circle  BC,  perpendicular  to  the  Primitive  Circle  aB  to  cmAB 

in  B,  and  it’s  done. 

To  meafure  the  Things  required, 

Tki-i  A b? 

in  Pages  117,  1 1 8  and  119, 

Prob*  14,  Both  Legs  given  to  make  a  Triangle 
Example.  Plate  4.  Fig,  5* 

The  UgH*50A;’°^hhcn: 

<  BC  2ad  50m.  b  0 

With  them  to  make  a  Redangle  Spheric  Triangle^  is  re¬ 
quired. 

Firft,  To  make  the  Triangle,  that  one  of  the  Oblique  Angles 
may  be  at  the  Primitive  Circles  Center. 

1.  A  being  at  the  Center  of  the  Primitive  Circle,  draw  the 
Right  Circle  A  B,  and  thereon  (by  Prob.  6 •  Caje  2.  in  Page  1 16) 
makeAB  equal  to  5od.  30m.  by  laying  the  Ha  If -Tangent 
thereof,  from  A  to  B. 

2.  From  B  (by  Prob,  5.  Cafe  3.  in  P age  115)  draw  an  Oh* 
Pique  circle  BC  Perpendicular  to  A  B.  Or  thus. 

With  the  Secant  of  39d,  30m.  (the  Complement  of  50$. 
gcm.j  and  one  Foot  on  B,  the  other  Foot  marks  out  (in  the 
Right  Circle  AB  extended)  the  Center  of  the  Oblique  Crete  BCa 
3*  Draw  (by  Prob,  9  Cafe  1.  in  Page  121)  a  Parallel  Cir¬ 
cle  Parallel  to  the  Right  Circle  A  B,  at  23d.  30m*  Difiance 
from  it  to  cut  the  Oblique  Circle  B  C  in  C,  Or  tnus9 

By  Prob,  6,  Cafe  3.  in  Page  117*  Lay  23d.  30m  on  the 

Oblique  Circle,  from  B  to  C,  .  , 

4  Through  A  and  C  draw  a  Great  Circle  3  which  m  tta 

Cafe ,  is  a  Right  Circle,  and  it’s  done 

Secondly, To  make  the  Triangle,  that  one  of  the  Oblique  An* 

gles  may  be  at  the  Primitive  Circle. 

1.  By  Preb.  6.  Cafe  1.  in  Page  11G  make  AB  equal  to  pd9 
5cm.  by  laying  the  Chord  thereof  on  the  Primitive  Circle  from 

A-  to  B.  x  it»  , 

2.  From  B  (by  Prob.  5.  Cafe  1.  in  Page  1 14)  a  yre*‘ 

Circle  perpendicular  to  the  Primitive  CirW«  (which  tn  tins  Co/m 

a  Right  Circle)  as  B  C  '  N  t  L 

2  Draw  (by  Prob .  9.  Cafe  1 .  in  Page  1 2 1  •)  a  .  a-rallel  Circle* 

parallel  to  the  Primitive  Circle  A  B,  at  23d,  50m.  ctiftance 
from  it,  to  cut  the  Right  Circle  BC,  in  C.  Or  thus. 

From  the  Scale  of  Half  Tangents,  lay  66 d.  30m.  (the  Com¬ 
plement  of  s  3d.  30m.)  from  ths  Center  of  the  Primitive  tVc/f,  on 
the  Right  Cirr/t  to  tf ,  4-  Through 
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4.  Through  A  and  C,  draw  a  Great  Circle5  which  in  this 
Caieis  an  Oblique  Circle,  and  it’s  done. 

To  meafure  the  Things  required. 

The  f  Angles  BA cf and  ACB }js  meafured  by  Pnh'\l$M 
Pages  117,  118,  and  1 19. 

Prob.  15%  £oth  the  Angles  given  *  td  make  a  Triangle. 

Example*  Plate  4,  Fig.  6. 

ml  A  1  C  BAC  29d.  30m  )  .  ,  , 

The  Angle  ^AGB^d  ^m  J.given- 

With  them  to  make  a  Redangle  Spheric  Triangle,  is  requir'd 
s.  By  Prob.  2.  Cafe  2.  in  Page  1  iz,  make  the  Angle  BAG 
equal  to  apd.  30m.  by  drawing  the  Oblique  Circle  AB,  with 
the  Secant  thereof. 

2.  Find  I,  the  Pole  of  the  Oblique  Circle  AB*  by  Prob .  r. 
in  Pages  1 11  and  112. 

^.Through  I  (by  Page  3.  in  Page  113  J  draw  an  Oblique 
Circle  IBC,  that  the  Angle  ACB  may  be  7  id.  5 6m.  which 
will  cut  the  Oblique  Circle  AB,  in  B  the  Redangle,  and  the 
Primitive  Circle  inC,  and  lo  conclude  the  Redangle  Triangle 
ABC  required  to  be  made. 

To  meafure  the  Things  required. 

The  Hypotenufe  AC,  and  Legs  AB  and  BC,  are  meafured 
by  Prob ,  7»  of  Spheric  Geometry y  in  Pages  117  and  118. 

Thus  all  the  Cafes  of  Redangle  Spheric  Triangles  may  be 
defcribed,  and  refolved  by  the  la£  Six  Problems.  In  like 
manner  the  Cafes  of^Oblique  Triangles  maybe  Geometrically 
folved  by  the  Six  following. 


Caje  3 


Prob.  1 6.  Two  Sides  and  an  Angle  oppofite  given  3  to  make  an 
Oblique  Spheric  Triangle. 

Note:  To  make  an  Oblique  Spheric  Triangle,  three  Things 
ffluft  be  given  * 

Note  alfoy  The  Angle  oppofite  to  the  o$|jer  given  Side 
ought  to  be  foreknown,  whether  Acute  or  Obtufe :  other  wife 
two  feveral  Triangles  may  be  made  from  the  given  Things, 

Example.  Plate  4,  Fig,  7* 
f  Side— —  AC  34d.  07m  j 
The  <  Side— -AD  6$d.  2°m  >  given  : 
l  Angle  ADC  30m) 

With  them  to  make  a  Triangle  (fo  that  the  Angle  ACD 

may  be  Obtufe)  is  required. 

1.  Oa 
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1.  On  the  Primitive  Circle  make  AD  (the  given  Side  join¬ 
ing  to  the  given  Angle)  equal  to  tfyd.  20m.  by  Prob.  6  Cafe  ic 
of  Spheric  Geometry • 

2.  By  Prob.  2.  Cafe  2.  make  the  Angle  ADC  equal  to  27c!. 
90m,  by  drawing  the  Oblique  Circle  DC,  with  the  Secant  thereof. 

>  3*  Draw  (by  Prob.  9.  Cafe  2.)  a  Parallel  Circle  at  ^d.oyrrt, 
diftance  from  A,  to  cut  the  Oblique  Circle  DC,  in  C. 

4-  Through  A  and  C  draw  a  great  Circle,  and  its  done* 

To  meafure  the  Thing f  required. 

Thc  \ sit!'-— CO,  WACPfis  meafursd  by  Prob.  ^ 

I5 rob.  17,  Two  Angles  and  one  Side  oppojite  given Z  to  make  ad 
Oblique  Spheric  Triangle . 

Example-  Plate  4,  Fig,  8. 

C*  Angle  CAD  god.  48m- *3 
The  Angle  ADC  ayd.  50m.  >  given  s 
^Side  —  CD  g8d.  28m.  S 

PP/th  them  to  make  a  Triangle  ( fo  that  the  Side  A  C  may  be  lejs 
than  god,  J  is  required . 

I.  By  Prob .  2.  Cafe  2 .  make  the  Angle  ADC  equal  to  ayd. 
g°m»  (always  the  Angle  joining  to  the  given  Side)  by  draw¬ 
ing  the  Oblique  Circle  DC  with  the  Secant  of  it* 

,  *•  Draw  (by  Prob  9.  Cafe  2.)  a  Parallel  Circle  at  gSd.afmi 
diitance  from  D,  ,to  cut  the  Oblique  Circle  DC,  in  C. 

'"I*  Then  through  d  (by  Prob.  9.)  draw  a  great  Circle  to 
niake  an  Angle  at  the  Primitive  Circle,  that  may  be  equal  to 
3°d.  48m.  as  is  the  Oblique  Circle  CA,  and  it’s  done* 

To  meafure  the  Things  required e 
Th^  i  Sides  AC  and  AD  )  *  . .  ,  ,  D  ,  '£  7. 

lhe  1  Angle  ACD  -  -  r  ,s  mc3'urcd  Prok  1  g. 
Note.  In  thefe  two  laft  Problems,  the  thr^e  piven  Things 
ivithout  the  Quality  of  a  Fourth,  are  not  fufficient  tr>  make 
a  Triangle  :  And  the  Quality  of  the  Fourth  is  not  always 
difcoverable  by  the  given  Things ;  therefore  they  are  called 
Doubtlejs  Cafes, 

Prob  1 8.  Two  Sides,  and  one  Angle  between  them  given  3  to 
make  an  Oblique  Spheric  Triangle. 

*  I  Example 
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Example,  Plate  4.  Fig-  9* 

rSide  - — AC  34^  06m.  v  ^ 

The  =< Side  - — AD  6$&  20m.  /-given. 

£  Angle  CAD  god,  46m.  J 

With  them  to  make  a  Triangle  is  required  ?  * 

1  Bv  Pro&.  2  Ca/<?2,  make  the  Angle  CAD  equal  to  3°d«. 
45m.  by  drawing  the  Oblique  Circle  AD  with  the  Secant  thereof* 

2.  Make  AC  on  the  Primitive  Circle  equal  to  34<* 
and  AD  on  the  Oblique  Circle  equal  to  65  d.  20m.  by  Prob.  6* 

Through  C  and  D  draw  a  Great  Circle,  and  it  s  done* 

To  mea/ure  the  Things  required, 

The^  i!ndgi^S,~ aTc  } is  mealuted  by  Trok  i  * 

Prob.  19,  Tu’o  Angles  and  one  fide  between  them  given  3  to  Maly 
an  Oblique  Triangle, 

Example.  Plate  n  Fig*  t  10. 

C  Angle  ACD  13 id.  34m. } 

The  <  Angle  ADC  ayd.  30m  >given: 

2  Side  CD  5 Sd-  28m.  > 

With  them  to  make  a  Triangle  is  required?  , 

1.  On  the  Primitive  Circle  make  CD  equal  to  j*d.  aSm. 

the  given  Side, by  Prob,  6.  Cafe  I. 

2f  At  C  (by  Prob.  2.  Caje  2.)  make  the  Angle  ACD  equal  to 
isi'd  34m.  by  drawing  the  Oblique  Circle  CA;  and  at  D 
make  the  Angle  ADC  equal  to  a7d,  30m.  by  drawing  the  O- 

blique  Circle  DA  and  it’s  done. 

To  mtajure  the  Things  required. 

The{  SgJeACAD4-i?  lh  meafured  by  Pr0hi  ** 

Prob.  20.  Three  Sides  given:  to  make  a  Triangle* 

Example*  Plate  4.  Fig.  ii» 
f  AD  tf^d.  20m  1 

The  Side  <  CD  $Sd.  given : 

l  AC  34d*  08m  3 

With  them  to  make  an  Oblique  Tnangie  is  required. 

1.  On  the  Primitive  Circle  make  A  D  equal  to  tfd  .20m, 
he  greater  given  Side,^by  Prob.  6.  Caje  I. 

2.  Draw  f  by  Prob-  9.Cafe  2.ja  Parallel  Circle  at  ajAota. 

Diftarice  from  A3  and  likewife  another  at  z6m.  1  ance 
from  D,  to  cut  each  other  in  C«;.  &  1  nrougft 
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del  S7fhd™"dC'“d*,f<'D“dC’  Great  Cir- 

To  meafure  the  Things  required 

t.  Find  (by  Prob.  i.)  the  Poles  of  the  three  Sides  of  the 

i™S„d  G  L  pi'rf  c'd  'he  r“'C  “f  ">•  »  *  *** 

Si<ic,sltnc  Triangle  EFG  are  equal  to  the  Angles 

lthce7r,^leA,CD5  a"d,theL  ngles  ofthefirft  are  equal  to 
the  oides  of  the  latter,  only  the  greater  Angle  in  the  one  is 

equa!  to  the  Supplement  fof  the  greater  Side  in  the  other)  to 

That  is;  the  Side  EFis  equal  to  the  Angle  CAD,  the  Side 
EG  is  equal  to  the  Angle  ADC,  and  the  Side  FG  is  equal  to 
the  Supplement  to  i8od.  of  the  Anple  ACD'  * 

4.  The  Sides  EF,  EG,  and  EG,  are  meafured  by  Proh.  7, 

Prob.  it.  Three  Angles  given  ■  to  ma\e  a  Triangle, 
Example.  Plate  4.  Figure  12 • 

C  CAD  i3fd- 34m.  j 
The  Angle.}  ACD  3od  47m.  L  cm 
....  ,  ,  iADC  2  7d.  50m.  1 

With  them  to  make  an  Oblique  Triangle,  {,  required  ? 

1.  ouppofe  a  Triangle  EFG,  whofe  Sides  are  equal  to  the 
Angles  ofthe  Tmngle  ADC ,  that  is,  the  Side  EF  equal  to 
48d.  26m.  the  Supplement  to  i8od.  of  the  Angle  CaD  e 
qual  to  i?.d.  34m  and  the  Side  E  G  equal  to  the  Anole 

f7T5om  47m*  3  the  Slde  F  G  etIual  *»  the  Angle  ADC 

1  maJce  t!lf  Triangle  E  F  G  of  the  Sides  EF ;  EG 
and  FG  ;  as  before  in  the  laft  Problem, 

TrLo'ledF?r  Frt'  I;)  Ahl  Poe,S  of  t!ls  thr<fe  Sides  of  the 

of  fga  'h'  ?”,e  EF.  c  .h.  P.I.  EG. 

4.  Through  C  and  D  (by  Prob.  3)  draw  a  Great  Circle 
Which  will  form  the  Triangle  ACD  required  to  be  made. 

To  meafure  the  Things  required. 

The  Sides  AC,  AD,  and  CD,  are  meafured  by  Proh.  7. 

1  hus  much  I  thought  neceffary  as  preparative  to  Spheric 
Trigonometry  by  Calculate;  that  the  Learner  might  km  w 

^  4  how 


given 
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how  to  make  and  meafure  a  Spheric  Triangle,  or  any  of  its 
Parts;  a  thing  not  taught  by  many,  nor  well  underltood  by 
more,  who  pretend  to  be  Teachers. 

Si'Cx,  III.  Of  the  JffeHms  or  Natural  Properties  of  Spheric 

Triangles. 

HTHele  JffS  ow  are  carefully  to  be  minded,  in  order  to  the 
■k  undemanding  what  may  be,  and  what  may  not  be  given, 
or  required  in  a  Spheric  Triangle;  and  having  a  rea  y  given 
vou  the  feveral  Definitions  of  a  Sphere,  and  the  Circles  o  it, 
with  the  Kinds  of  Triangles,  which  l  will  not  here  repeat.  1 
pals  on  to  the  MeHions  of  Spheric  Triangles ,  as  follows. 

i.  Every  Side  of  a  Spheric  Triangle  is  an  Arch  of  a  Great 

Circle,  and  lefs  than  a  Semi-Circle, 

а.  Every  Great  Circle  divides  the  Sphere  or  Globe,  into 

two  equal  Parts  or  Hemifpheres*  . 

Any  two  Great  Circles  cutting  each  other;  the  Angles, 

which  are  oppofite  and  contrary,  are  equal. 

4.  The  Sum  of  any  two  Sides  (of  a  Triangle)  is  greater  than 

the  third  Side.  ,  , 

5.  The  Jam  of  thetbree^  ^glcs^  *s  ^an  4  54od.  but 

\  more  than  iSod. 

б.  Any  two  Sides  added  together,  their  Sum  is  lefs  than  the 
Difference  between  the  third  Side  and  iSod.  ^  But, 

Any  two  Angles  added  together,  their  Sum  is  more  than  tne 

D/fference  between  the  third  Angle  and  i  Sod.  . 

7.  Rectangular  Triangle,  the  Legs  and  their  oppofite 
Angles  are  of  the  fame  AffeCtion  ;  that  is,  if  a  Leg  be  more  or 
lefs  than  a  Quadrant,  its  oppofite  Angle  is  likewise  mote  or 

lefs  than  a  Right  angle.  ,  , 

8.  In  a  ReCtangular  Triangle,  if  one  Leg  be  a  Quadrant,  the 
Hypotenufe  fbal'l  be  a  Quadrant ;  but  it  both  Legs  be  ot  the 
fame  Affedion,  the  Hypotenufe  is  lefs  than  a  Quadrant  5  it  ot 
different,  it’s  more,  and  the  contrary  5  that  is,  it  each  ot  the 
Legs  be  lefs  or  more  than  9od.  theHypotenufe  is  lefsthan  9od, 
But  if  one  Leg  be  more  than  9od.and  the  other  Ids,  the  Hy- 
poter.ufe  is  more  than  9od. 

(}.  if  the  Hypotenufe  be  more  1“  tbanpod.  oneLeg,  and  its 

.  '  ....  f  lefs  than  9od.  the  other  may,  or  not. 

oppofite  Angle  will  mofej  and  the  other  lefs  than  9od. 

,j  so.  If. 
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10  If  both  Angles  at  the  Hyporenufe  are  acute  or  obtufr 
the  Hypotenufe  is  lefs  than  a  Quadrant,  but  if  one  be  acute' 
and  the  other  obtufe,  the  Hypotenufe  is  more  than  a 
Quadrant. 

1  f  *  In  every  Trfangle,Greatefi  Sides  are  oppofite  to  Great- 
eft  Angles,  and  Equal  Sides  to  Equal  Angles. 

1 2.  In  every  Oblique  Triangle  two  <*  |  Angtes  being  equal 

their  opfofitefides are  equal.each  than  a  Quadrant. 

1  3-  If  two  j  Qfafc  I*  Angles  are  unequal,  the  Side  oppofite. 

t0  the  fgreae'r  ?  Angle,  fhatl  {.than  a  Quadrant 

f  4.  All  the  'Angles  acute,  each  fide  is  lefs  than  a  Quadrant 
Thefe  things  being  premifed,  their  Solution  fol lower h  -V 
and  nrit  of  Rectangular,  in  which  are  1  *  Cafes  ;  and  then CK 
bhquangular,  in  which  are  12  Cafes, 


Seifl.  IV.  The  Solution  of  the  16  Cafes  of  Reffaogular  Spheric 
1  riangles,  hy  the  Lo-d  Napier’s  Catholic Proportion, 

1  PJ  a  f‘e<aangular  Triangle,  there  are  fbdldes  the  Right- 
Angle)  five  Things,  which  the  Lord  Napier  calleth'the 
P«ts  of  a  Spheric  Triangle,  amongft  which, 
the  Right  Angle  being  not  reckon’d,  the  two  Legs  are  fuppo- 
led  to  join  together.  4  rr 

2.  Any  one  of  thefe  five  Circular  Parts,  may, by  Suppofition 
be  madea  middle  Part,  and  then  the  two  Circular  Parts  which 
art  next  to  tnat  middle  Parr,  are  the  Extreams  Coniunfi.  And 

•“■fPZ  (t™°  CirlcuLar  Pa«s;  remote  from  that  (affumed 
Iviiddxe  Part)  are  the  Extreams  Disjunct. 

3-  In  every  Cafe,  two  of  the  aforefaid  five  Circular  Parts,  is 
(always)  given  to  find  a  third  }  thefe  Three  things  (two  oiver 
and  one  required)  of  them,  one  is  Middle  Part, 'and  theother 
two  are  Extreams,  either  Conjunfl  or  Disjuncl. 

The  Parrs  of  a  Reftangular  Triangle  being  thus  diftinguifh- 
ed,  obferve  the  umverfal  Propofition  following,  invented  by 
the  aroreiaid  Lord,  the  Inventor  of  Logarithms . 

.  r  The  Catholick  Propofition. 

I  he  Sine  of  a  middle  Part  and  Radius,  are  reciprocally  pro- 

portional  witn  theTangents  of  the  Extreams  Conjunct  and 
With  the  Sine  Complement  of  the  Extreams  Dismaft.  That  is, 
.  ’  i  1.  Vote 
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X.  For  Extreams  ConjunB^  thus  • 

As  Radius,  is  to  the  Tangent  of  one  Extream ;  fo  is  the 
Tangent  of  the  other,  to  the  Sine  of  the  middle  Part.  And, 

2,  For  Extr earns  DisjunB^  thus  5 

As  Radius,  is  to  the  Sine  Complement  of  one  Extream  5  (o 
h  the  Sine  Complement  of  the  otherjtothe  Sine  of  the  middle 
Part*  Therefore, 

Nor*  *  When  the  middle  Part  is  to  be  found,  the  Radius  h 
the  ifl  Term  in  the  Proportion,  as  above  5  But  if  either  of 
the  Ext  reams  be  required,  the  other  Extream  mud  be  the  drd 
Term*  That  is, 

*jg 

g.  For  Extr e am s  ConjunBf  thus  y 

As  the  Tangent  of  the  given  Extream,  is  to  Radius  $  fo  is 
the  Sine  of  the  middle  Part,  To  the  Tangent  of  the,  required 
Extream.  And, 

4.  For  Extream 5  DisjunB,  thus  $ 

As  the  Sine  Complement  of  the  given  Extream,  is  toRa- 
dius  j  fo  is  the  Sine  of  the  Middle  Part^  to  the  Sine  Comple« 
ment  of  the  required  Extream*  But, 

Note  1.  That  if  the  middle  Part,  or  either  of  the  Extreams 
Conjunct  be  the  Hypotenufe,  or  either  of  the  Oblique  Angles* 
indead  of  Sine  and  of  Tangent^  you  mud  ufe  the  Sine  Com¬ 
plement,  and  Tangent  Complement. 


1  A  T  A  14  L  E  ot 

all  the  Varieties  of  Extteams 

Conjunct  and  Disjunct* 

1  Number 

1 

Ivf  'iddle  Part 

’ 

Ext-s  ConjunB 

Ext-  DhjttnB 

i 

Tang.  BG 
'  Tang-  c.  BAG 

Sine  ACB 

I  ' 

Sine  A  B 

Sine  AC 

Sine  c,  BAG 

Tang.  c.  AC 
Tanz ■  AB 

Sine  c .  BC 

Sine  ACB 

'""Tawg.fc  BAG 

Sine  BC 

.  9 

Sine  c,  AC 

Tang.  c.  ACB 

Sine  AB 

; 

' 

Tang-  c.  C 

Sine  BAG 

:  4 

Sine  r.  ACB 

Tanz-  BC 

Sine  c-  AB 

ZmmcctoPtt&BamttVk 

Tang-  AB 

Sine  BAC 

,  5 

Sine  BC 

Tang.  c.  ACB 

Sine  AC 

it- 
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2.  If  either  of  the  Extrewams  Disjunct  he  theHypaienufe,  or 
either  of  the  Oblique  Angles,  inftead  of  Sine  Complement  you 
muit  ufe  the  Sine. 

And  for  the  eafier  underftanding  thefe  Dire&ions,  obferve 
theTable  foregoing^  wherein  are  placed  the  five  CircularParts 
of  a  Triangle,  under  their  refpeftive  Titles,  whether  they  be 
taken  for  the  middle  Part,  or  for  Extreams,  either  Conjun£l 
or  Disjun£I :  And  unto  thofe  Parts  are  prefixed,  Sine,  Sine-? 
Complement  •  Tangent  and  Tangent  Complement,  as  they 
ought  to  be,  and  are  ufed  in  the  Cafes  following. 

Prob.  1.  Gale  1,  2,  and  3.  The  Hypotenufey  and  one  Leggiven 5 

To  Sri  J  !:  t  The  i  a**’ »  w 

,  J*  3-<Jj  Other  Leg 

Example.  Plate  4,  Fig, 

In  the  Triangle  ABC,  Right  angled  at  B  5  there  is  given 
J  Hypot.^C  54d.  25m.  l  AC  B,  B  A  C?  . 
the  1  Leg  B  C  2  3d.  30m.  End  A  B - -  S  fe<lU,red  ? 

This  Triangle  is  made  by  Prob.  10.  of  Spheric  Trigonometry 
Geometrical . 

^  1.  For  the  contained  Angle  AC  B  or  Angle  adjacent  to  the 
given  Leg,  the  Proportion  is  5 

As  Radius  is  to  the  Tangent  of  the  given  Leg»  fo  is  the 
Tangent  Complement  of  the  Hypotenufe,  to  the  Sine  Com¬ 
plement  of  the  contained  Angle  required.  Or  thus, 

Radius  •*  T.  Leg  B  C  :  :  T.c.Hypot.^  C  ••  S.c.  Angle  ACB 
T  45d. ..  T.  23d.:$om. :  :  T.  9  5d-  35m,  •*  S.  i8d.  16m. 
Which  iubtraS  from  pod.  reffs  7  id.  54m,  for  the  Angle  ACB 
required. 

Therefore  the  Extent  (on  the  Gunter's  Scale )  from  Tangent 
of  4sd.  to  Tangent  of  23d.  30m.  reacheth  from  Tangent 
§5d.3  5m.  to  the  Tangent  I7d.  15m.  againft  which  on  the 
Line  of  Sines,  is  i8d.  6m*  the  4th  Term  in  the  Proportion 
above. 

Note, the  Hyp.  and  given  leg  f  ^  | more {  “heather 

than  a  Quadrant,  or  pod.  therequired  Angle  is  ^ 
l.  For  the  Angle  B  AC  o.ppofite  to  the  given  Legs  the  Pro 

u,  K,  a  ri-v  m  dm  M  1  f?\ 


portion  is  thus  i 


?  4 


As 
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As  the  Sine  of  the  Hypotenufe,  is  to  Radius ;  fo  is  the  Sine 
of  the  given  Leg,  to  the  Sine  of  its  oppofite  Angle.  Or  thus  ; 
S.Hipot.  AC ..  Radius  : :  S.  Leg  BO"  S.  Angle  BAG 
S,  54d.  25m-"  S  9od, : :  S.  23d.3om.  ••  Sine  a^d.  30m; 
Therefore  the  Extent  fon  the Gunter) from  Sine  54^.2501. 
to  Sineofpod.  reachethfrom  Sineof  23d.3Qm.  to  Sineofa^d. 
30m.  the  4th  Term  in  the  Proportion  abovefaid* 

mc^e  \  *haj,aQuadrant>the  requir’d 

Acute 
Qbtufe 


Note  ;  the  given  Leg  ^ 


Angle  is  % 


3.  For  the  other  Leg  AB,  the  Proportion  is  thus; 

As  the  Sine-Complement  ®f  the  given  Leg,  is  to  Radius ;  fo 
Is  the  Sine-Complement  of  the  Hypotenufe,  to  the  S'wc-Compte- 
mtnt  of  the  required  Leg  ;  or  thus  ; 

S  c.  Leg  BC  ..  "Radius. :  :  S  c.  Hip.  AC  ..  S,c»  Leg  AB  required 

S.^d.gom. ..  S.  90d.r-S.35d.  35m.  -S.  39d-  35m.  Which 
fubtraff  from  9Qd.  refieth  50 d.  2  5m.  for  the  Leg  AB  requir’d. 

Therefore  theExtentfon  the&tf»r#r’s  Sc  ale  jBromSine  of  66d. 
30m.  to  Sine  of  9od.  will  reach  from  Sine  of  3  5d  3  5m.  to  Sine 
of  3 9<3*  3  5m.  the  fourth  Term  in  the  Proportion  aforefaid. 

Note$  The  Hipotenule  and  given  Leg  of«|  different  b 

fiefs  5 

more>  than  a  Quadrant 


Prob.  2*  Cafe  4,  5,  and  6. 


The  Hypotenufe,  and  one  Angle  given  * 

£  3-  3  other  Angle 

Example.  Plate  4.  Fig.  2. 

In  the  Triangle  ABC  Right-angled  at  £  5  there  is  gi- 
|  Hipot.  A  C  54d.  25m.  >  Leg  BC  and  A Bt  and 
ven  i  Angle  BAC  tyd.  30m.  i  Angle  A  CB  required  ? 

This  Triangle  is  made  by  Prob.  11.  of  Spherie  Trigonometry , 
Geometrical. 


1 .  For  the  Leg  BC oppoilte  to  the  given  Angle,  the  Propor¬ 
tion  is  thus  5 

As  Radius  is  to  the  Sine  of  the  Hypotenufe  ;  fo  is  the  Sine  of 
$he  given  Angle,  to  the  Sine  of  its  oppofite  Leg  lequired.  Or 

thus  5  Radius 

...  ■  ,  f  '  *  i  '  Jf 


i 
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Radius  ^  S.  Hipot.^C  S.AngleB^C  ..  S.  Leg  BC 
S.  yod.  ••  S.  54-d.  25m,  :  :  St  z^d.  30m.  ••  S-  23d-  32m. 


Note-  The  given  Angle  ^  Obttde ^ Leg  f°un<* 

is«j  n^^e  <‘  t^lan  a  Quadrant 
2.  For  the  Leg  AB,  adjacent  to  the  given  Angle  the  Propor¬ 


tion  is  this  3 

As  the  Tangent  Complement  of  the  Hypotenufe,  is  to  Radius^ 
fo  is  the  Sine  Complement  of  the  given  Angle,  to  the  Tangent 
of  its  adjacent  Leg  required*  Or, 

AsRadius,  is  to  the  Sine  Complement  of  the  given  Angle;  fo 
is  theTangent  of  the  Hypotenufe,  to  the  Tangent  of  the  Leg 
required  3  That  is,. 

Radius  **  S  c.  BAG  *.  :  T.  Hipot.  AG  ..  T.  Leg  AB  required. 
S.  podt  ••  S.tfod  30m:: T.  54<i.  25m.  ••  T«  5od.  30m. 

Note-y  When  each  givenThiog  is  lefs?  or  more  than  9od,the 
required  Leg  is  lefs  than  a  Quadrant, but  ilone  is  lefs,  and 
the  other  more,  the  required  Leg  is  more  than  a  Quadrant. 
3.  For  the  other  Angle  ACB,  the  Proportion  is  this  3 
As  the  Tangent  Complement  of  the  given  Angle  is  to  Radius^ 
fo  is  the  Sine  Complement  of  the  Hypotenufe,  to  the  Tangent  Com. 
plement  of  the  other  Angle  required.  Or  thus  3 

As  Radius,  is  to  the  Sine  Complement  of  the  Hypotenufe3  fo 
is  the  Tangent  of  the  given  Angle,  to  the  Tangent  Complement 
of  the  Angle  required.  That  is  3 

Radius  ..  Sc.  Hipot. AC :  :T.  Angle  BAG  ••  To  Angle  ACB 
S.  9od.  ••  S.  3  sd.  3  5m* :  :  T.  zyd.  3cm.  ••  T.  i8d.  10m. 
which  fubtra£l  from  9od,  refls  7  id.  50m  for  the  Angle  ACB 
Note  3  When  each  given  thing  is  lefs,  or  more  than  9od.  the 
required  Angle  is  Acute :  but  when  one  is  more,  and  the 
other  lefs,  it’s  Obtufe. 


Frob.  3.  Cafe  7,8  and  9.  A  j-fg  and  its  adjacent  Angle,  given 
To  fM  \ll  The  <  Angle f°PP°^te  t0  the &hen{ut 


C  1  i,C 

C3.J  « Hypotenufe 


Example-  Plate  4.  Fig .  3. 

In  the  Triangle  ABC,  Right  Angled  at  B,  there  is 
.  ^5  Leg — —AB  5od*  30m  ?  Leg  B  C,  Angle  A  C  B, 
given^^gig  gAQ  29d.'3om  Jand  HypotenufeAC  required 

This 
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This  Triangle  is  made  by  Brob.  12.  of  Spheric  Trigonometry 
Geometrical .  f  \ 

1. ‘  For  the  Leg  BC  oppofite  to  the  given  Angle,  the  Pro- 
portion  is ; 

As  theTangent  Complement  of  the  given  Angle  is  toRadius; 
fo  is  the  Sine  of  it’s  adjacent  Leg,  to  the  Tangent  of  its  oppo^ 
„£ite  Leg  required.  Or  thus  ; 

As  Radiuses  to  the  Sine  of  the  given  Leg;  fo  is  theTangent 
of  its  adjacent  Angle  to  the  Tang,  of  its  oppofite  Leg.  That  is; 

Radius  ••  S.  Leg  A  B  : T.  i\ngle  BAG  ••  T.  Leg  BG  req. 

S.  9od.  ••  $.  5od.3om.  5 :  T.  29d.  50m.  •*  T.  23d.  3  5m: 

Note;  The  given  Angle  Acute,  the  requiredLeg  is  lefs  than 
a  Quadrant,  but  when  Qbtufe  then  more  than  a  Quadrant. 

2.  For  the  Angle  ^CB,  oppofite  to  the  given  Leg,  the  Pro¬ 
portion  is ; 

As  Radius, is  to  the  Sine  Complement  of  the  given  Leg ,  fo 
is  the  Sine  of  its  adjacent  Angle  to  the  Sine  Complement  of 
Its  oppofite  Angle  required.  That  is, 

Radius  •*  Sx.  Leg  AB  % :  S.  Angle  BAC . :  Sx.  Angle^CB  req.1 

S,  9od. ..  S.  $9d.  30m. ; :  S.  29d.3om*  ••  S.  i8d  12m. 
whofe Complement  7 id.  48m.  is  the  Angle  ACB. 

Note ,  The  given  Leg  lefs  or  more  than  9od.  the  Angle  re® 
quired  is  Acute,  or  Qbtufe  accordingly. 

2.  For  the  Hypotenufe,  the  Proportion  is : 

As  the  Tangent  of  the  given  Leg,  is  to  Radius,  fo  is  the 
Sine  Complement  of  its  adjacent  Angle,  to  the  Tangent  Com* 
plement  of  the  required  Hypotenufe.  Or  thus  ; 

AsRadius  is  to  the  Sine  Complement  of  the  given  Angle  ; 
fo  is  the  Tangent  Complement  of  its  adjacent  Leg,  to  theTan¬ 
gent  Complement  of  the  Hypotenufe.  That  is  ; 

Radius  Sc.  Angle  BAC  : :  Tc,  Leg  AB  ••  Tc-  Hypoten.  AC 

S.  9od.  ♦*$.  «5od»  30m.  : :  T.gpd:  30m.  ”  T.  35d.  38m. 
whofe  Complement  54c!.  22m*  is  the  Hypotenufe  AC. 

Note  5  When  each  thing  is  lefs,  or  more  than  90c!.  the  Hy¬ 
potenufe  is  lefs  than  a  Quadrant,  but  it  one  is  lefs,  and  the  ei¬ 
ther  more,  then  the  Hypotenufe  is  more  than  a  Quadrant. 


Prob.  4*  Cafe  10, 1  r  and  izA  A  Beg  and  its  oppofite  Angle  given  % 

.he  5  talk  Lef'  1 


KS 


Hvpotenufe 
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Example*  Plate  4;  Fig  4. 

In  the  Triangle  BAC,  Right-angled  at  B  ;  there  is, 

.  J  Leg  — - «BC  2  3d.  30m  >  Leg  AB,  Angle  AC  B,  and 
^l/en  4  Angle  BAG  29d.  30m  }  Hypotenufe  AC  required. 

This  Triangle  is  made  by  pfob.  13.  of  Spheric  Trigonometry 
Geometrical. 

is  For  the  Leg  AB  adjacent  to  the  given  Angles  thePropor- 
tion  is  this  : 

As  Radius,  is  to  the  Tangent  of  the  given  Leg  3  fo  is  the 
Tangent  Complement  of  its  opofite  Angie  to  the  Sine  of  the 
other  Leg  required.  That  is  3 

Radius  ••  T.Leg  BC: :  T-e.  Angle  BAC  ..  S*  Leg  AB  req. 

T.  45d*  ••  T-2  3d*3om  ::  T.  6od  3cm.  *°  S.  5od,  25m. 

Note  3  If  the  unknown  Angle  be  Acute  or  Obtufe,  the  re¬ 
quired  Leg  accordingly  is  lets  or  more  than  a  Quadrant. 

Or,  The  Hypotenufe  and  given  Leg,  each  lefs  or  more  than 
pod.  the  required  Leg  is  lefs  than  a  Quadrant .  but  it  one  is 
more  and  the  ether  lefs,  it’s  more  than  pod, 

2.  For  the  Angle  ACB  adjacent  to  the  given  Leg,  the  Pro¬ 
portion  is  this  3 

As  the  Sine  Complement  of  the  given  Leg  is  to  Radius  3  fo 
is  theStne  Complement  of  its  oppodte  Angle,  to  the  Sine  of 
it’s  adjacent  Angle,  That  is, 

S.c  LegBC  -  Radius  •*:  $-c<  Angle  BAC**  S,  Angle  AC  B 

S.  S.  9od* : :  S<  t>od.  30m.  ••  S.  7  id.  48m. 

Note  3  If  the  Hypotenufe  and  given  Angle  be  each  lefs,  or 
more  than  pod.  the  angle  required  is  Acute;  but  when  one  is 
more,  and  the  other  lefs,  it’s  Obtufe. 

Or,  the  Leg  adjacent  to  the  given  Angle  being  lefs,  or  more 
than  pod.  accordingly  the  Angle  required  is  Acute  orObtufe0 

3.  For  the  Hypotenufe  AC,  the  Proportion  is  this  5 

As  the  Sine  of  the  given  Angle,  is  to  Radius  3  fo  is  the  Sine 
of  its  oppofite  Leg^  to  the  Sine  of  th?  Hypotenufe  required. 

.  That  is  :  . 

S.  Angle  BAC  •*  Radius  : :  S.  Leg  BC  •*.  S-Hypoten.AC  req; 

S.apd.  30m,.  ••  S.  pod.: :  8.23d. 30m*  ••  $•  54^*  20m. 

Note 3  If  both  Legs,  or  both  Angles  be  of  one  Kind,  the 
Hypotenufe  is  lefs  than  a  Quadrant,  but  if  they  be  of  differ-' 
ent Kinds, the  Hypotenufe  is  more  than  a  Quadrant. 

Prob.  5.  Cafe  13,  and  14,  Both  the  Legs  given  3  to  find 
j.  Either  of  the  Angles  %  z*  The  By^otemfe  ? 

Example, 
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Example.  Plate  4.  Fig.  5 . 

In  the  Triangle  ABC,  Right  angled  at  B  5  there  is, 

oiven  Leo /  M  5od-  30^.1  Angle  BAC,  or  ACB,  and 
a  ^  &  l  BC  23d.  30m.  f  Hypotenufe  AC  required. 

This  Triangle  is  made  by  Prok  14.  of  Spheric  Trigonometry 
Geometrical. 

J.  For  either  of  the  Angles,  the  Proportion  is  • 

As  the  Tangent  of  one  Leg  is  to  Radius;  fo  is  the  Sine  of 
the  other  Leg,  to  the  Tangent  Complement  of  the  Angle  op- 
polite  to  the  firft  Leg.  Or  thus,  — 

As  Radius,  is  to  the  Sine  of  one  Leg  ;  fo  is  the  Tangent 
Complement  of  the  other  Leg,  to  the  Tangent  Complement 
of  the  Angle  oppofite  to  the  laft  Leg.  That  is 
Radius  ♦*  S.  Leg  AB  :  :  T.c.  Leg  BC- T, e.  Angle  BAC 
8.9®L6*  Fo5od.3om  :  :  T.tfdd^om.  ••  T.  6od.  3  5m.  whole 
Complement  is  29c!.  25m.  is  the  Angle  B^C>alfoit  is, 

Radius  ••  S.  Leg  BC  : :  T.c-Leg  AB  -  T  c.  Angle  ACB 
S,  9od. ..  S*23d.3om. T,39d(3orm  •*  T.  i8d.  15m.  whole 
Complement  j  1  d.  45m*  is  the  Angle  ACB. 

Note,  If  the  Leg  oppofite  to  the  required  Angle  be  lefs 
than  a  Quadrant,  the  Angle  fought  is  Acute,  but  when  great- 
ter,  then  it’s  Obtufe. 

2.  For  the  Hypotenufe,  the  Proportion  is  thus  : 

As  Radius,  is  to  the  Sine  Complement  of  one  Leg,  fo  is  the 
Sine  Complement  of  the  other  Leg,  to  the  dine  Complement 
ef  the  Hypotenufe.  That  is  ; 

Radius*'-  S.c.  Leg  A  B  ::S.c.  LegBC-*  Sc-  Hypotenufe  dC 
S.  90 i*  ••S.gpd^cra.  ::  S,  663:  30m.  "  S.  5 5d.  4cm.  whofe 
Complement  54d.  20m.  is  the  Hypotenufe  Ac. 

'Note  •  If  both  Legs  be  of  one  kind,  the  Hypotenufe  is  lefs 
than  a  Quadrant,  but  when  of  different  kinds  fthat  is  one 
Leg  more  the  other  lefs  than  a  Quadrant  $)  then  the  Hypo¬ 
tenufe  is  more  than  a  Quadrant. 

Prob.  6.  Cafe  15,  and  16 ,  Both  the  Oblique  Angles  given  *  to 
find  jf.  Either  of  the  Legs  ?  z .  The  Hypotenufe  ? 

Example.  Plate  4.  Figure  6. 

In  the  Triangle  ABC ,  Right  angled  at  B;  there  is  given 

Angle  |  B^C  2 3om°  ^  or  BCt  and 
’  ”  c  ACB  y  rd.  56m.  SHypotenufe  AC  required; 

I  bis  Triangle  is  made  by  Prok  15*  Spheric  TPrizcnometry 
Geometrical. 

J.  For  either  of  the  Legs,  the  Proportion  is  thus ;  As 


I 


_  \ 
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As  the  Sine  of  one  Angle  is  to  Radius  3  fo  is  the  Sine  Com¬ 
plement  of  the  other  Angle,  to  the  Sine  Complement  of  it* 
oppofne  Leg.  That  is, 

S  Angle  BAG  ••  Radius : :  S  c.  Angle  ACB  ..Sc,  Leg  AB 
S.  29d.  30m.  S*  9od,  •:  S.  i8d.  04m,  ••S.'4od45m. 
v&hofe  Complement  49d>  1 5m.  is  the  Leg  AB  ;  alfo  it  is, 

S  Angle  ACB  ••  Radius; :  S  c.  Angle  MAC ..  S  c.  Leg  BC 
S.  7  id.  56m.  ••  S,  9od. :  :  $.  6od  30m.  -S  66 d  30m, 
whofe  Complement  23d.  30m.  is  the  Leg  BC. 

Mote  3  If  the  Angle  oppofite  to  the  required  Leg  be  acute, 
the  Legfought  islefsthana  Quadrant-,  but  if  obtufe  then 
greater  than  a  Quadrant. 

2. For  the  Hypotenufe,  the  Proportion  is  thus  ; 

As  Radius,  is  to  the  Tangent  Complement  of  one  Angle  3 
fo  is  the  Tangent  Complement  of  the  otherAngle,  to  the  Sine 
Complement  of  the  Hypotenufe.  That  is, 

Radius  T  c  Angie  BAC  : :  Tc.  Angle  ACB  ••  Sc.  Hipot.  AC 
T,  4sd»-T  6od  30m.  ::1  i8d  04m,  ••  S  35^  55  m. 
whole  Complement  54d  25m.  is  the  Hypotenufe  AC 

Mote  3  TheAr.gles  of  one  kind,  theHypotenufe  is  lefs  than  a 
Quadrant  5  but  when  of  different  kinds,  its  more  than  a 
Quadrant; 

Se£L  V*  Pour  Axioms,  by  which  the  12  Cafes  of  Oblique-angled 

Spheric  Triangles  are  fohed. 

Axiom  xTN  all  Spheric  Triangles,  the  Sine  of  their  Sides 
•*-  are  in  direct  Proportion  to  the  Sines  of  their  op¬ 
pofite  Angles.  That  is,  o  , 

1.  As  the  Sine  of  a  Side,  is  to  the  Sine  of  its  opposite  Angle  3 
lo  is  the  Sine  of  another  Side,  to  the  Sine  of  its  oppotiteAngle. 

2.  As  the  Sine  of  anAngle,  is  to  the  Sine  of  its  o^pofiteSide  3 
fo  is  the  Sine  of  another  Angle,  to  the  Sine  of  its  oppofite  Side, 

Axiom  2.  Firfl,  As  the  Sine  of  half  the  Sum  of  the  two  Sioes 
(containing  an  Angle)  is  to  the  Sine  of  half  their  inference. 

So  is  the  Tangent  Complement  of  half  the  contained  Angle, 
to  the  Tangent  of  half  the  Difference  of  the  other  two  Angles 

Again, 

Second! y,  As  the  Sine  Complement  of  half  the  Sum  of 
two  Sides  (containing  an  Angle)  is  to  the  Sine  Complement  of 

half  their  Difference  3  _  w  .  .  ,,  A  , 

So  is  the  Tangent  Complement  of  half  the  contain  d  Angle, 
to  the  Tangent  of  half  the  Sum  of  the  other  two  Angles. 

Axiom  3.  Firfi ,  As  the  Sine  of  half  the  Sum  of  two  Angles, 
is  to  the  Sine  of  half  their  Difference, 
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Sols  the  Tangent  of  half  their  interjacent  Side  to  the  Tan¬ 
gent  of  hall  the  Difference  of  the  other  two  Sides  Again, 
Secondly, \  As  the  Sine  Complement  of  half  the  Sum  of  two 
Angles,  is  to  the  Sine  Complement  of  half  their  Difference  , 
So  is  the  Tangent  of  half  their  interjacent  Side,  to  the  Tan* 
gent  of  half  the  Sum  of  the  other  two  Sides. 

Axiom  4,  As  the  Re&anglc  of  the  Sines  of  the  two  Contain¬ 
ing;  Sides,  is, to  the  Square  of  Radius : 

So  is  the  Reft  angle  of  the  Sines  of  half  the  Sum  of  the  three 
Sides,  and  of  the  Difference  of  the  Side  oppofite  therefrom,  to 
the  Square  of  the  Sine  Complement  of  half  the  contained  An¬ 
gle  fought. 

The  Explanation  and  Ufe  of  thefe4  Axioms,  you  will  find 
in  the  Solution  of  the  following  Cafes  of  Oblique  Triangles . 

Frob  7.  Cafe  1,  2,  and  3. 

Two  fides  and  an  Angle  0 ppo fit e  given  3  to  find 
I*  The  Angle  oppofite  to  the  other  Side,  > 

2*  The  Angle  contained  between  them,  iif  the  required 
3,  The  third  Side  i 

oppofite  Angie  be  foreknown  to  be  Acute  or  Obtufe* 

Example*  Plate  4.  Fig  7. 

In  the  Obliqu £.  Triangle  ACD,  there  is  gi- 
f'Side  AC  3 4dm 7m  >  Angie  ACD  being  Obtsife  J 

te3side  AD  65 d. 20m /"Angle  CAD  *■— - -  >req0 

£  Angle  ADC  2  7d.3om  J  Side  CD  3 

This  Triangle  is  made  by  Proh.  itf,  of  Spheric  Trigonometry 
Geometrical 

1.  For  the  oppofite  Angle  ACD*  the  Proportion  by  Axiom  t: 
is  thus : 

As  the  Sine  of  the  Side  AC,  Is  to  the  Sine  of  the  Angle 
ACD  3  fo  is  the  Sine  of  the  fide  AD,  to  the  Sine  of  theAngle 
ACD.  That  is  * 

S.  Side  AC  •»  S.  Angle  ADC  .* :  S.Side  A  D  ••  S.  Ang.  ACD  req« 
S*54^‘07m  **  S.  2 7d.  50m. : :  S.  63  d. 20m  ..  S  48c!.  25m 
Which  fubtraft  from  i8od  refteth  13 id*  35m.  for  theAngle 
ACD  being  Obtufe* 

2.  For  the  contained  Angle  CAD  (having  before  found  the 
oppofite  Angle)  the  Proportion  by  Axiom  2.  Part  jt.  inverted  is 
thus  3 

As  the  Sine  of  half  the  Difference  of  the  Sides  AD  and  AC, 
is  to  the  Sine  of  half  their  Sum  3  fo  is  the  Tangent  of  halt  the 
Difference  of  the  Angles  ACD  andADC,  to  the  Tangent  Com¬ 
plement  of  half  the  Angle  CAD.  And*  3*  For 
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3.  For  the  3 d  fide  CD  (having  found  the  oppoilte  Angle ) 
the  Prportion  by  Axiom  3.  Part  1.  inverted  is  thus  5 

As  the  Sine  of  half  the  Difference  of  the  Angles  ACD,  and 
ADC,  is  to  the  Sine  of  halt  their  Sum. 

So  is  theTangent  of  half  cheDifference  of  the  SidesAD  and 
AC,  to  the  Tangent  of  half  the  Side  CD.  That  is  • 


d  m 

Si deAD  65.20 
Sid= AC  34.07 
Sum  is  99.27  ^  L 
Differ.  3  1.13  j  2 
S.  -Diff.  Sides  ••  S. 


fAng-ACQ  131.35 
d  in  Ang.ADC__27.30 

Sum49.43’iSum  is 
Diff  1 5.3 6pI)Ififer  is 


d  m. 


d  m 


— ?,c  ?  T  Si;m  79 


&  10405  5  1  \  o iff.  52 

_  .  their  Sum  ■:  T.  |  Ojf.  T,c.  \  CAD 

S.isd.  36m.  *«S.  49d.  43m.  .*  :  T.  5ad.  02m,  T.c.  74d.4om. 

Which  fub trail  from  . — ; —  pod  oorti. 

Remainder  is  |  the  Angle  CAD  »■— — — U.  —  w  I  5  d*  2  001 

Which  being  doubled  2om 

Produceth  the  required  Angle  CaD  40a 

S-  f  Diff  Angles ..  S.  ttair  :  :  T,  f  D/jf.  ■■  T.  f  C  D. 
S.  52d»  102m. S.  7$>d,  3  2m,  : :  T.  1 5d.  36m.  ••  T  ipd.iara 
Which  being  doubled  ipd.i 2m 

rrogttJ—  j-'Wi-  f  !»■  miiL.il 

3Sd.24na 


Produceth  the  required  Side  CD 

Prob.  8.  Cafe  4,  5,  and  6. 

Two  Angles,  and  one  Szde  oppofite  given  •  to  find. 

1*  The  Side  opp  idite  to  the  other  Angle  > 
a.  The  interjacent,  or  Side  between  them  >  if  the  required 
3»  The  third  Angle,- — - j 


oppofite  fide  be  foreknow  n  to  be  more,  or  lefs  than  aQuadranf 


/ 


Example.  Plate  4.  Figure  8. 

In  the  Oblique  Triangle  ACD  •  there  is  given 
Angle  CAD  3©d.  48m pSide  AC  lefs  than  pod.  7 

Angle  ADC  zyd.  20m fiSide  AO  — — * —  —  >  required* 

Side  CD  3  8d.  38m  \  Angle  ACD  . — —  3 

This  Triangle  is  made  by  Prob.  17.  of  Spheric  trigonometry 

Geometrical. 

1.  For  the  oppofite  Side^C,  the  Proportion  by-Ai.is  thus; 

As  the  Sine  oftheAng.G^D,  is  to  the  Sine  of  the  SideCD;  fo 
is  the  Sine  of  theAng.^/?Cto  the  Sine  of  theSide  AC  That  is 5 
S.Angl eCAD  **  S.  Side  CD  •  :  S  Angle  ADC  ••  S.  fide  AC  req. 
S.  3od.  48m.  ..  S-38d.2^m  ;  S  27d,  30m.  ••  S.  3 4c!. 06m. 

2,  For  the  interjacent  Side  AD,  (  having  firff  found  the  oppo¬ 
fite  fide)  the  Proportion,  by  Ax*  3.  Part  1 ,  inverted  is  thus  5 

A  s 


I 
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As  the  Sine  of  half  the  Difference  of  the  Angles  G  A  D»  ind 
ADC,  is  to  the  Sine  of  half  their  Sum. 

go  is  theTangent  of  half  the  Difference  of  the  Sides  CD  anti 
AC,  to  the  Tangent  of  half  the  Side  AD-  And, 

3.  For  the  third  Angle  ACD,  (havingdirft  found  theoppo- 
fite  fide;  the  Proportion,  by  Axiom  2.  Part  I*  inverted  is  thus  , 
As  the  Sine  of  half  the  Difference  of  the  Skies  CD  and  AC, 

is  to  the  Sine  of  half  their  Sum* 

So  is  the  Tangent  of  half  the  Difference  of  theAngles  CAD 
and  ADC,  to  the  Tangent  Complement  of  half  the  Angle 

AGO.  That  is  j 

d.  m,  d.  rn. 

.  C  CAD  20  48 

Ang-lADC2-:3o 


d.  m. 

Sum  is  58  iS  7  £  C  Sum  29.09, 
- —  y  j  |  DifF. 


Differen.  03.18 


01.39 


r.,  ^CD38. 2S 

j  AC24.06  dm 

Sum  is  72  341* /Sum  3  6'.  17 
Differ  04.22 J 2  \Diff.  02. 1  i 


S.|Diff  Angles. .b,|their  Sum: :  T.2Diff  Sides.  .TLc»  2-^D 
S.  oid.  39m.-  S.  29d.  09m* : :  T*  02’d.  11m. -T.  32^3801 
Which  being  doubled  gad.  38m 

Produceth  the  interjacent  Side  AD  to  be  1  “*  d 5  d .  g  6  sr.. 

$.i  Diff  Sides  ••  S.|  their  Sum  :  :  T,|  Diff  Angles  ie  Tc.  -  ACD 
Voad  11m.  *  S  \6d.  17m.  : :  T.  Old.  3pm.  ••  T.  24d  14m 

Which  fubtta£l  from- - oom 

Remainder  is  half  the  Angle  ACD  — — — ,  6  5  d •  46m 

Which  being  dounbled  « - — —  6$d  46m 


13  id’*-  32m, 


Produceth  Angle  AC  D  to  be  .  -  ^  - 

Nof^;  In  the  fix  preceeding  Cafes ,  the  three  given  1  firms* 
without  the  Quality  of  a  fourth  are  not  fufficient,  whereby 
one  {ingle  Anfwer  may  be  found  3  and  the  Quality  of  the 

fourth  is  not  always  difcoverable  by  the  given  Terms:  There¬ 
fore  they  are  called  the  Six  Doubtful  Cafes., 

Problem  p-  Cafe  7  and  8* 

Two  Sides,  and  one  Angle  between  them  given  3  to  find 

I.  Either  of  the  other  Angles ; 

a.  The  third  fide,. or  fide  oppofite  to  the  given  Angle, 

Example.  Plate  4 .Fig  9. 

In  the  Oblique  Triangle  ACD  ;  there  is  gi~ 

•Side  AC  34^  0<cn  ?  Angle  ACD  or  7  . 

wen  <vSide  AD  6  5d.  20m  s Angle  ALC  and  ^reijuiredu 
",  Angle  CAD  3od.  4<Jm)  Side  CD  is*™-**  ^ 


>.  'X 
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This  Triangle  is  made  by  Problem  i8,  of  Spheric  Trigonometry 
Geometrical ,  in  Pages  129  and  130. 

For  the  Angle  ACD,  or  ADC,  the  Proportion  (by  Axiom 
2.)  is  thus  ; 

d.  m,  .  d.  m. 

Side  AD  65*20  ^  ^ 

Side  AC  34,06' 

’  JCS^.VA'  1 

SumotSides9p.26  vT  1  J  Sum  49.43  r* 

DiflRr.sides31.f4i  tkie  *  T  Diflf.  15.37^ 


Angle  CAD 
The  half  is  ' 


.30.46 

1 5*23  p  * 
4?  Mt 


Higg'  0; 


S 


d.  m® 
Comp,  <  40  1 7 


e-wts® 


_ .  ,  -  -  ■  1  74  *9 

A>S.f  Sum&DSl AC  ••  S.  i  their  diff  i :  T.c.~CAD  T.  \  diff.  An 

As  S.  49T  43m,  ••  S,  i5d»37m.;:  T.y^d^im  ..  T.  52d.  02m*  * 

Then  again, 

AsSc, -Sum  (ides  *>S*c>theirDiff.  ::T.c,  \  CAD  ••  T.f  Sum  Angles 
AsS^cd.  17m.  •  S.  74-d.  23m. : :  T.?4d‘5  T»  75^  32m. 
To  ic  add  the  half  Difference  found  above  ™—  5 ad.*  02m. 

The  Sum  is  the  greater  Angje  ACD 


3  id. 


34m, 


And  being fubtrafled,  is  the  Idler  Angle  ADC  2yd.  30m 

Note  4  II  the  Sum  of  the  two  contained  Sides  exceeds  a  Se¬ 
micircle  then  fuhtra&each  fide  from  i8oDegrees, and  proceed 
with  thofeRemainders  as  with  theSides  given  ;theProportion 
produces  the  Complements  of  the  Angle  required  to  a  Se¬ 
micircle. 

For  the  third  Side  CD,  or  Side  oppofite  to  the  given  An* 
gle,  as  alfo  in  Cafe  10.  following,  the  Proportion  falter  the 
work  above  is  done)  may  be  made  by  Axiom  1.  Or  it  may  be 
deduced  from  the  Lord  Napiers  Catholic^  Propofition (by  a 
given  Perpendicular,  let  fall  from  one  end  of  the  Idler 
given  Side,  to  the  greater  Side  given,  reducing  the  Oblique 
Triangle  into  two  Re£tangular$)  Which  finds  the  Side  op¬ 
pofite  to  the  given  Angle  at  two  Proportions,  without  finding 
the  Angles;  and  it’s  thus. 

1  As  Radius,  is  to  the  Sine  Complement  of  the  contained 
Angle  ;  So  is  the  Tangent  of  the  letter  given  Side  to  the  Tan¬ 
gent  of  a  Fourth  Arch. 

Then,if  the  contained  Angle  be  Acute,  fubtra£t  fheFourth 
Arch  from  the  greater  given  Side,  but  when  it  isObtufe  from 
the  Supplement  thereof  to  180  Degrees,  the  Remainder  is  cal¬ 
led  the  Re  (dual  Arch,  Then, 

2,  As  the  Sine  Complement  of  the  Fourth  Arch, is  to  the 
Sine  Complement  of  the  Refidual  Arch . 

^  So 
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So  the  Sine  Complement  ofthe  leffer  given  Side,  to  the 
Sine  Complement  of  the  Side  required.  That  is: 

As  Radius  ..  S  c.  Angle  CAD  : :  T.  Side  AC  ••  T.  Fourth  Arch 
AsS  9od\  ••  S.  5 9<i .  14m. :  :S. 34c!. 06m.  ••  1*.  god  12m  Which 
being  fub traced  from  the  Side  AD  —  6  5 d  20m. 

The  Remainder  is  the  Relid  ual  Arch  —  3  5d.  08  m,  Then 
As  S.C  4th^rr.  •-  S*C*PtfidArch'. :  ty  C  SiaeAdi  ••  Sb.  c.  Side  CD 
AsS.5pd.48m  ••  S.  54d-  52m,: :  S*  5  5d.  54m.  •*  S  5  id.  ‘3  5m. 
Whole  Complement  g8d.  25m. is  the  Side  CD  required. 
Note,  When  the  contained  Angle,  and  Rehdual  Arch,  are 
each  left,  or  more  than  90  Degrees,  the  Side  fought  is  lefs  than 
a  Quadrant.  But  when  one  is  more  and  the  other  lefs,  it’s 

more  than  a  Quadrant. 

"Problem'  10.  Cafe  9  and  10, 

Taro  Angles  and  one  Side  between  them  given  5  to 
r  1  f  I.  Either  ofthe  other  Sides  ? 

Vn  1  2.  The  Angle  oppofite  to  the  given  Side  f 
Example:  In  the  Oblique  Triangle  ACD  5  there  is  given, 

■  CAngle  ACD  13  id. 34m.  r  Side  AG  or,) 

The  <> Angle  ADC  ayd^om. Side  AD  and  > required 
tSide  CD  38d.28m.  <  Angle  CaD  is  d  . 

This  Triangle  is  made  by  problem  19,  of  Spheric  Trigonome¬ 
try  Geometrical  y  in  Page  130.  fee  Plate  4.  big*  co. 

For  the  Side  AC;  cr  AD, ‘the  Proportion  (by  Axiom  3.;  is 

thus-  A?!  \  d.  111. 

Angle  AGP  r  2 1. 2d  j  The  >ide  CD  38.2 8 
Angle  ADC  27.30  i  The  "rd  t  /i  d.m. 

Sum  of  Angles  1  59.54 

'Difference  is 

A  ^  Sum  An^i  ^2  »•*».*■*.  ^  ^  __  ___ 

AsS.7jd.51m  -S.  jid.oiip-s:  T.ipd.  14m."  T,  i5<i,  98m. 

•  The  again? 

S x.-SumAng,  •»  S.c.^iheirDiff.  • :  T  7  CD  T.^r  Sum  Sides 
AsS.10d.28m-*  S.  37d.  58m.:  5  T.  I9d.i 4m.  ••  T.  49d.  45m, 
To  it  add  the  half  Difference  found  above  — -  i  jd.  381m 

The  Sum  is  the  greater  Side  AD  —  2*m„ 

And  being  fubtraCfed,  is  the  leffer  Side  AC  - - 

Note  ;  If  the  Sum  of  the  two  given  Angles  exceed  iHodeg. 
then  fubtrafl  each  given  Angle  from  iSoDegrees,  and  proceed 
with  thole  Remainders  as  with  the  Angles  given  3  tine  Opera¬ 
tion  will  produce  each  required  Side  s  Supplement  to  10 
Degrees,  *  .  For 


2  17-50  i  The ps - 19.14  d-m. 

Dt’s  Com.  !10-2* 

>.04  043  kliL2  52.02  j  l  37.58 

4ng>  •*  S  |  their  Dif* :  •  T.  \ Si cieCD  T.^,  Dif.  Sides 
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For  the  Angle  CAD,  the  Angle  oppofite  to  the  given  Side* 
the  Proportion  falter  the  Work  above  is  done,)  may  be  by 
Axiom  1  .  Or  from  the  Catholic Proportion  (by  a  Perpendicular 
Jet  fall  from  the  greater  given  Angle  to  its  oppofite  fide) 
thus  ;<  ,  ' 

1.  As  Radius,  is  to  the  Sine  Complement  of  the  interjacent 
Side  ^  So  is  the  Tangent  of  the  lefTer  given  Angle,  to  the 
Tangent  of  a  Fourth  Arch. 

Then,  if  the  interjacent  Side  be  more  than  a  Quadrant,  fab- 
trad  the  Fourth  Arch  from  the  greater  given  Angle,  hot  when  ' 
it’s  lefs,  from  the  Supplement  thereof  to  1S0  Degrees,  the 
Remainder  is  the  Refidual  Arch.  Then, 

2.  As  -the  Sine  Complement  of  the  Fourth  Arch3  is  to  the 
Sine  Complement  of  the  Refidual  Arch. 

So  is  the  Sins  Complement  of  the  lefTer  given  Angle,  to  the 
Sine  Complement  of  the  Angle  required.  That  is  3 
As  Radius  •>  S.c.  SideCD  : :  T.  Angle  ADC  ♦  •  T.  4th  Arch* 

As  S.pod. ..  S.  5 id,  32m,:  :  T.  2yd,  30m.  ..T.  22d.  icm. 
which  fiibtr.  from  (the  Suppl.  of  the  Ang.ACDj  4§d.  26m. 

* 

The  Remainder  is  the  Refidual  Arch  i6d.  i6m» 

Then, 

S.c.4th^rrh  .^S.c. Re  fid  Arch  : :  S.c,Ang.  ADC  •*  S.c  -  AngXZ  A  D  re  q* 
S.  ^7d.  50m. ..  S.  63d.  44m.  : :  S.  «52d»  30m-  ..  S.  5pd.  12m. 
whofe  Complement  3od.  48m.  is  the  Angle  CAD  required. 

Note  *  When  the  interjacent  Side  and  Refidual  Arch  are  each 
lefs,  or  each  more  than  pod.  the  Angie  fought  is  Acute  3  but 
when  one  is  more,  and  the  other  lefs,  it’s  Qbtufe, 

Problem  n.Cafe  11.  Three  Sides  given  to  find  either  of  the  Angles  * 

Example.  Plate  .4.  Fig.  n. 

In  the  Oblique  Triangle  ACD  there  is  given, 

CAD  6^d.  20m.  1  r  ACD,  or 

The  Side^ CD  3 8d.  26 m°  Ang!e*£  ADC,  or 

C  AC  34d.  oSm.  J  L  CAD,  required  ? 

This  Triangle  is  made  by  Problem  20.  of  Spheric  Trtgenometry 
Geometrical ,  in  Pages  130,  131. 

The  Refolution  of  this  and  the  following  Cafe  depends  up¬ 
on  Axiom  4.  and  for  the  more  fpeedy  Solution,  obfcrve  thefe 
Direffions,  viz. 

1.  Add  the  Three  Sides  together,  and  from  their  half  Sum 
fubtrafl  the  Side  oppofite  to  the  Angle  required,  noting  the 

Remainder. 

K  a 


2.  To 


A 
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„  To  the  Complement  Arithmetical  of  theLog-Smes  of  the 

containingSide  , add  the  Log-Sines  of  the  half  Sum  and  the 

Remainder:  Half  the  Total  of  thefe  4  Logarithms,  ts  theLog. 

Sine  of  half  therequired  Angle’s  Supplement  to  180 Degrees. 

The  Operation  for  the  Angle  ACD,  is  thus* 

d.  m.  •  .  _  .  q 

co,  ar.  o.  20645  7*. 

co*  ar.  0.2505)44 
9.9  70006 


...  S95  ^  2n  ^ThecontainingSides^  ?' 
Side  \AC  54  08  5 


*  AD  6  5  20 
Sum  isT$7  54 
68  57 


|  Sum  i 


8.799  8p7 


Remain  3  37 
Double  it * 

T  he  Sum  is 


Which  fubtraft  from  - 


Sum  Sides  68d.  5  7m. S.  — — 

Remainder  is  3d. 3 7m. S.  — — _ 

Sum  of  the  4  Logarithms  is  27334 

24d.  1 5m.  S  J  Sum  9.613667 
■  — —  .»*14(1.  15  m. 

„  — - «48d.  30m. 

1 8od.  00m. 


Remainder  is  the  Angle  ACD  13  rd.  30m, 

In  like  manner  you  may  find  any  other  Angle  by  Logarithms, 
But  by  Gunter’s  Scale  fay, 

i.  A?  Radius,  is  to  the  Sine  of  one  of  the  containing  Sides^ 
So  is  the  Sine  of  the  other  containing  Side  to  a  Fourth 

Sl "C  AsThaUth  Sine,  is  to  the  Sine  of  the  half  Sum  of  the 

So  is  the  Sine  of  of  the  Remainder,  to  a  Fifth  Sine ;  againft 
which  on  the  Line  of  verfed  Sines  is  the  Angle  required. 

That  is,  ,  c. 

As  Radius  ..S.  Side  CD  :  :S.  Side  AG.,  a  Fourth  bine. 

As  S.  9od.  ••  S.  38d.26m,: :  S,  34d  c8m.  ”  S.  2od.  26m. 

Then  again,  . 

As  Fourth  Sine  •*  S  ^Sum  Sides:  :  S  Remainder  «  a  Fifth  Sine 
AsS.  20<f  26m.  ••  S.  68d,  57m.  ::  S.  03d.  37m.  ..S.9d  43m.  a' 
gainft  which  on  the  Line  of  Verfed  Sines,  is  13  rd.  3®m*  the 

Angle  ACD  as  before-  riot 

Problem  12.  Cafe  12.  The  Angles  given  3  to  find  a  Side . 

Example.  Flate  4  Figure  12. 

In  the  Oblique  Triangle  ACD  3  there  is  given  the 
r  ACD  3od.  47m.  7  C  CD,  or 
Angle<ADC  27d.  30m.  >:  Side«dAC,or  # 

/  CAD  i3id.  34m. 3  c  AD,  required. 

This  Triangle  is  made  by  Problem  zl>  of  fyheric  Trigonome¬ 
try  Geometrical ,  in  Page  131.  „  . 
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This  Cafe  is  likewife  performed  by  the  DireaionsinCafe  1 1- 
the  Angles  being  accounted  Sides,  and  the  Sides  nng  es;  an 
then  taking  the  Supplement  of  the  greater  (given)  Angle  to 

180  Degrees;  *  ^  ,  •  .  .  , 

For  the  Side  AD,  the  Operation  is  tnusj 


d.  m, 

Sup.AttmC\T)4%  26 
Angle  ADC  27  50 


Angle  A  CD 

3047 

Sum  is 

106  43 

~  Sum  is 

53  21 

Remainder 

22  34 

Double  it 


vat  fS'fo.ar  0,12  59P* 
The  adjacent  Angles  ^  g  .r0>  aTt  0.555595 

§  Sum  Ang  53d  21m  S - 9  9°433  5 

Remainder  2  2d  54m  S.  — - q.^84o< 7 

Sum  of  the  4  Logarithms  is  1 9  9499^9 
70.45  S.  |  Sum  ^.9749^9 
70  45 


The  Sum  is  —  — —  141  3°  Which 
Subtradl  from  189.00 

Remainder  is  the  fide  AD  58.30 


In  like  manner  may  any  other  Side  be  found  by  Logarithms^ 
Or  thus  5 

By  Gunter’s  Sealed 

v's 

1,  As  Radius,  to  the  Sine  of  one  of  the  adjacent  Angles  ( to 
the  Side  required)  3  fo  is  the  Sine  of  the  other  adjacent  Angle 

to  a  Fourth  Sine.  v  #  . 

2.  Then,  as  a  Fourth  Sine,  is  to  the  Sine  of  the  halt  bum 

of  the  Three  Angles  5  * 

So  is  the  Sine  of  the  Remainder,  to  a  Fifth  Sine  5  againit 
which,  on  the  Line  of  Verfed  Sines,  is  the  Side  required. 
That  is  3 

As  Radius  ••  S.  Sup.  CAD  : :  S.  Angle  ADC  ••  a  Fourth  Sine 
AsS.90d.-S.  48d.  26m.  :sS.  27a.  30m.  ••  S.  aod.  13m. 

Then  again, 

AsFourthSine  ••  S .|SumAngles: :  S.  Remainder  a  Fifth  Sins 
AaS.10d.15m.-  S.  j?d.  urn.  ::S  iid.  54m.  ••  S.iod.  1  5m. 
Againft  which  on  the  Line  of  Verfed  Sines,  is —  50a-  50m. 

the  Side  AD  as  above. 

Note ;  when  the  greater  Side  (CD,  which  ever  isoppofte 
to  the  greater  Angle)  is  required,  the  Operation  will  produce 
the  Supplement  thereof  to  a  Semicircle  $  wherefore  if  it  bs 
£ubtra£ted  from  i8od>  it  leavesthe  Sidefought  *  Or  (by  t  c 

K  3  ItyS* 
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Logarithms)  if  you  omit  this  part  of  the  Operation  (which 
iubtraft  from  180  Degrees,  ©Y.)  you  have  the  fide  required. 

So  much  for  the  Do£frine  of  Spheric  Triangles  3  the  Appli¬ 
cation  follows. 

4*^.  44444  444444444444444444444444  44  4 

CHAP  T,ER  VI. 

Containing  the  Defcription  and  Ufe  of  the  Globes, 

TTAving  fin  i  filed  Spheric  Trigonometry,  if  remains  dm  fhevv 
its.Uies  in  Geography,  Great  Circle -Sailing,  and  /'fir enemy  * 
In  order  to  the  perfect  underiknding  of  thefe,  it’s  reqwifite  fir  ft 
to  be  acquainted. with  the  katftre  and  Ufes.oi  the  Globes,  which 
I  will  endeavour  to  perform  briefly  and  plainly, 

Seflton  I,  The  DeJ crip  t  ion  and  UJe  of  Globes  in  general. 

j,  A  Globes  as  to  it3s  Name  and  Figure  is  fo  generally  known 
..  A"1  that  ids  neediefs  here  to  produce  a  Mathematical  Defi¬ 
nition  of  it  5  but  as  to  the  Kinds  of  Material  Globes^  and 
their  Parts,  it  is  neceffary  fomething  fhpuld  be  faid. 

2.  The  Kinds  of  Globes  are  two,  Terreflial  and  Goeleftial, 
with  together  with  then*  Appurtenances,  aye  for  the  lively 
Reprefentation  of  the  Natural  Situation  and  Pofition  of  the 
Earth,  and  Heavens,  and  are  ufeful  for  the  dernonflrating,(by 
Reprefehtation  and  Refutation  of)  any  Problem  belonging 
to  the  Sphere  of  Heaven ,  or  Earthy  either  in  Geography,  Navi¬ 
gation,  or  Aftrmomy* 

3 .  The  Appurtenances  appertaining  to  Material  Globes  are 
Six  5  The  Body  or  Globe  it  fell,  Brazen  Meridian,  Qua¬ 
drant  of  Altitude  and  its  Screw,  Hour  Circle  and  Index? 
Wooden  Frame  or  Horizon,  and  Brafs  Semi-Circle  of  Pofition  ; 
all  may  be  ufed  with  either  Globe  $  yet  the  laft  being  of  leaf! 
Ufe  may  be  fuppliecl  by  the  Quadrant  of  Altitude. 

4*  The  Body,  or  Globe  it  fielf,  is  an  Emblem  of  Heaven, 
or  of  Earth  5  on  which  are  drawn  divers  Lines,  and  Circles  5 
ufeful  and  proper  for  the  underftanding  them, 

.5.  The  Braun  "Meridian,  is  the  Ring  in  which  the  Globe 
bangeth,  and  turneth  upon  its  Axis,  being  two  Wires,  ifluing 
forth  its  Body  5  and  is  divided  into  4  Quadrants ,  each  90  De- 
greess  and  figured  io,  aos  30,  ere.  to  go. 

The 
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6.  The  Quadrant  of  Altitude ,  is  a  narrow  thin  flip  o CBrafs, 
with  a  Notch,  Nut,  and  Screw  at  one  End  $  it’s  divided  into 
pod.  which  ihew  the  Almicanthers,  or  Circles  of  Altitude,  and 
the  Edge  reprefent^th  an  Azimuth.  Circle. 

7.  The  Hour  Circle ,  is  a  flat  Ring  of  Brafs,  fo  contrived  that 
it  may  betook  off,  and  fixed  about  either  Pole  of  the  Globe  $ 
it’s  divided  into  24  Hours  of  a  Natural  Day ,* each  Hour  is  di¬ 
vided  in  Halves  and  Quarters  3  to  this  belongs  an  Index,  ha¬ 
ving  a  round  Hole  at  one  end,  to  putiron  the  Axis  of  the  Globe , 

8.  The  Wooden  Frame ,  or  Horizon,  is  round  and  flat  $  in 
which  the  Brazen  Meridian  doth  move  through  two,  Notches 
in  the  upper  Part  $  another  in  the  middle  of  the  bottom  of 
it :  On  the  upper  Part  is  a  Kalends,  file  wing  the  Day  of  tne 
Month,  Suns  Place  in  the  Ecliptic,  the  Rumbs  or  Points  of 
the  Compafs,  ere. 

9.  The  Circle  of  Fojttiott ,  is  a  Semi-Circle  or  Brais,  the  upper 
fide  is  divided  into  180  Degrees,  it  ferveth  to  meat u re  Dift- 
ances,  either  on  the Terreftial,  orCceleftial  Globe, 

Sedfion  1 1.  The  Defection  and  UJe  of  the  Terreftial  Globe. 

E  Terreftiai  Globe .  hath  on  the  Superficies  of  it’s  Body, 
the  whole  Form  and  Fafhion  of  the  Earth  and  Sea,  de- 
feribed;  with  the  Circles  of  the  Sphere, as  Equator, MferidianSj 
Tropics,  e?v. 

In  order  to  a  clear  Onderftanding  the  Ufe  of  this  Globe, 
obferve  thefe  following  Geographic  Definitions. 

1.  The  Earth ,  together  -with  the  Water ,  enmpofeth  that 
round  Body  called  the  0?b,  or  Globe  of  the  Earth  ?  which  is 
deferibed  by  Lines  Real  and  Imaginary. 

2.  The  Real-Lines  are  fuch  as  agree  to  the  Terreftiai  Globe, 

by  Nature,  and  fo  divide  it  into  Continents,  Blands  and  Seasj 
the  imaginary  Parts,  are  fuch  as  are  applied  to  it  by  vertueot 
our  underftanding  ;  and  being  not  materially  fuch,  are  fup- 
pofed  to  be  on  the  Earth,  thefe  imaginary  Lines  are  either 
Str eight  or  Circular.  f  &gj: 

3.  The  %xis,  is  a  Streight  Line  imagined  to  pafs  through 
the  Center  of  the  Earth  •  the"  extream  Points  are  the  Poles,  on 
which  the  World  is  fuppofed  to  move  $  one  called  the  Arm 
or  North  Pole  •  the  other  the  Antartic  or  South  Pole  *  it’s  repre- 
fented  by  the  Wires  on  which  the  Globe  turneth, 

4.  The  Circular  Lines,  are  either  greater,  as  the  Meridian ,  Ho- 

rtz.maJEjuator  5  or  letter,  as  Tropics^  polar  Circles ,  Parallels  of  La¬ 
titude,'  K  4.  5* 
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5.  Meridian,  is  a  Circle  palling  through  the  Poles  of  the 
Earth,  the  Zenith  and  Nadir,  crofifeth  the  Equator  at  Right 
Angles,  and  divideth  the  Earth  into  two  equal  Parts  5  one 
Eaft  the  other.Weil  It’s  io  called  becaufewhen  the  Sun  com. 
eth  to  the  Meridian  of  any  Place,  it’s  then  Noon,  or  Mid  day 
there  •  they  are  infinite  in  Number,  for  that  all  Places  from 
Eaft  to  Weft  have  their  feveral  Meridians. 

Of  thcfe  one  is  called  the  Fir  ft,  or  Chiej  Meridian ,  from  which 
the  Longitude  of  Places  is  reckoned  5  it’s  of  fpecial  note  and 
ufe,  but  varioufly  placed  by  Geographer sa  It’s  reprefented  on 
the  Globe  by  a  double  Line  palling  through  the  Poles,  and  is 
divided  into  twice 90  Degrees  numbred  from  the  .Equator,  to¬ 
wards  each  Pole,  ending  there  in  90  Degrees. 

6 .  The  Horizon,  is  that  Circle  which  comprehend  eth  all 
that  fpace  of  the  Earth  which  is  vifible,  and  diftinguifheth  it 
from  that  (lying  under  theHorizon Jibeing  invifible$  it’s  either 
Sen  fi  hie  or  Rational, 

The  Sen fthle  Horizon ,  is  that  apparent  Circle  which  extends 
it  felf  in  a  ftraight  Line  from  the  Place  we  ftand  upon,  and 
round  about  us,  dividing  theHeavens  into  two  unequalParts^ 
and  being  limited  by  the  Sight,  is  (ometirms  greater  or  lefter, 
according  to  the  Condition  of  the  Place, 

The  Rational  Horizon,  is  a  Circle  dividing  the  Heavens  into 
two  equal  Parts,  paffeth  through  the  Center  of  the  Earth 
whole  Poles  are  the  Zenith  and  Nadir.  By  this  Circle  our 
Days  and  Nights  are  meafured,  and  the  divers  Rilings  and 
Settings  of  the  Sun  Moon,  and  Stars  do  appear  :  It’s  repre^ 
lented  on  the  Globe  by  the  upper  Part  of  the  IVooden  Frame. 

Note  •  The  Meridian  and  Horizon  5  are  moveable  with  the 
Mutation  of  Places. 

7.  Th eJEqtiatqr,  is  a  Line  under  the  EquinqfKal  in  theHea¬ 
vens,  comparing  the  Earth  in  the  Middle  between  its  two 
Poles, dividingit  into  two  equalParts  called  theNorthern,and 
Southern  Hemifpheres;  from  it  the  Latitude  of  Places  are  rec¬ 
koned,  either  North  or  South  :  This  Circle  is  reprefented  on 
the  Globe  by  a  Double,  or  Treble  Line;  divided  into  560 
Degrees,  and  numbred  10,  20,  90,  cre*  from  the  Left-hand 
towards  the  Right,  till  it  end  in  360  Degrees. 

This  Circle  is  called  lEquator ,  becaufe  when  the  Sun  comes 
to  if,  which  is  twice  a  Year  (viz. "about  the  10th  of  March ,  at 
his  Entrance  into  dries  *  and  again  into  Libra 9  about  the  12th 
pf  Sfftemkrj  .he  equal  pays*  and  Nights  throughout 

L  “  '  '  ‘  the 
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the  World.  And  upon  it  is  writ  in  Capital  Letters  Lmea  fuh 

JEquinoftait. 

8.  The  LeJJer  Circles,  defcribed  on  Globes,are  called  Parallel 
Circles ,  lome  of  which  have  particular  Names,  as  Tropics,  and 
FoDr  Circles, 

9.  The  Tropics  are  two,  being  Parallel  to  the  ./Equator, and 
diflance  from  it  23d.  3cm.  That  on  the  North  fide  of  it,  is 
called  the  Tropic  of  Cancer,  at  which  the  Sun  hath  his  greateft 
NorthDeclination:  then  making  to  us, (and  all  Places  in  North 
Latitude)  the  lon?efl  Day,  and  fhorteft  Night*  which  is 
about  the  t  ith  of  June :  The  other  on  the  South-fide,  is  cal¬ 
led  the  Tropic  of  Capricorn,  at  which  the  Sun  hath  his  greatefl 
South  Declination,  making  then  our  fhortefl:  Day  and  longeft 
Night  *  which  is  about  the  lath  of  December.  Thefe  Tropics 
have  their  Names  thus  3  Tropicus  fuh  Cancri,  and  Tropicus  full 
Capricorn i. 

10.  The  Tolar  Circles  are  two  being  alfo  Parallel  to  the  ]£- 
quator,  and  compaffing  the  Poles  of  the  World,  at  23d  30m 
diftance  :  That  about  the  North  Pole  is  called  the  Artie. Cir¬ 
cle  •  and  the  other  the  Ant artic  Circle,  and  are  Writ  thus  $ 
Circultts  fab  Artico  Polo,  and  Cir cuius  fub  Antartico  /Vo; 

Thefe  Tropics ,  and  Polar  Circles  divide  the  Globe  of  the 
Earth  into  Five  Parts,  called  Z ones:  of  which  three  were  ac¬ 
counted  by  theAntients  to  be  fo  intemperate  as  to  be  uninha¬ 
bitable  3  calling  them  Torrid,  Fr'tged,  and  Temperate 3  that  is  one 
Torrid  or  burning  Zone ,  two  Temperate ,  and  two  Frigid  or  fro¬ 
zen  Zones, 

1 1.  The  Torrid  Zone,  is  that  which  lieth  between  the  two 
Tropics  of  Cancer  and  Capricorn. 

12.  The  two  Temperate  Zones  are  contained  between  each 
Tropic,  and  a  Polar  Circle. 

13.  The  two  Frigid  Zones,  are  contained  within  each  Tolar 
Circle  3  that  is,  one  within  the  Artie  Circle ,  and  the  other 
compared  by  the  Antartic . 

Thus  much  of  the  Imaginary  Lines,  and  P^rts  of  the  Earth  : 
The  Real  Parts,  are  Earth  and  Water,  in  general  divided  in¬ 
to  Four  Parts  or  Quarters 3  called  Europe,  Afia,  Africa ,  and 
America  3  each  of  thefe,  and  confequently  the  whole  Globe, 
is  divided  into  Continents,  Iflands,  and  Seas, 

18.  A 
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14.  A  Continent ,  is  a  great  Quantity  of  Land,  not  divided 
by  tiie  Sfa,  wherein  are  many  Kingdoms,  and  Countries  con- 
joi  't'd  :  as  Europe,  Afa>  and  A  Jr  tea  in  one  Continent,  and  A- 
mtr  cu  is  another. 

1 5.  An  Jjland,  is  a  part  of  the  Earth  that  is  environed  or 

compafftd  found  by  Water  5  as  Great- Britain,  and  alfo  Ireland  9 
&e  a  re  I  (lands.  1  .*  . 

In  Continent1;,  and  Ijlands ,  are  thefe  Parts  obfervlble,  vizm 
Peninjula ,  Ijihmus ,  and  Promontory. 

1 6  Femnfula ,  is  inch  a  Part  of  Land  as  isalmoft  environed 
round  with  Water,  and  is  joined  with  the  Land  by  an  Kibrnus, 
as  the  Mare  a  in  the  Levant , 

1 7,  An  Ijihmus ,  is  a  norrow  Neck  of  Land  between  two&ftr 
which  joineth  the  Peninjula  to  the  Continent  •  as  Corinth  in  Greece,, 

18.  A  Promontory  is  a  High  Hill,  Mountain,  or  Cape  of 
Land  that  fhooteth  it  fell  into  the  Sea  ;  as  Cape  de  Verde ;  and 
the  Cape  of  Good  Hope  in  dfrica. 

xy.  A  Place  in  refpe&  to  the  Heavens,  is  either  Eaft,  Weft, 
North  or  South,  ' 

Thole  Places  are  faid  to  be  Eaft,  which  lie  in  the  Eaflern 
Hemifphere  ( terminated  by  the  Fir  ft  Meridian)  or  where  the 
Sun  rifeth. 

And  thofeare  Weft  which  lie  Weft  erly  of  the  faid  Meridian* 
or  towards  the  Setting  of  the  Sun. 

Thole  Places  are  properly  North, which  lie  betwixt  the  JE~ 
quater  and  the  Artie  Pole. 

And  t hole  Places  are  South,  which  lie  betwixt  the  Equa¬ 
tor  and  the  Aotartic  Pole, 

The  Antiques  have  divided  the  Inhabitants  of  the  Earth 
into  PoricecJ  Aniiceci ,  and  Antipodes. 

20.  T hePeri&ci,  are  fuch  as  live  under  the  fame  Parallel,  but 
in  oppofite  points  of  it ;  th&t  is,  they  are  in  the  fame  Latitude, 
but  their  Difference  of  Longitude  is  180  Degrees. 

21.  The  Anticeci,  are  fuch  as  have  the  fame  Meridian,  and 
equally  diftaotfrom  the  jEquator,  but  the  one  North,  and  the 
other  South  :  that  is 5  Two  Places  in  one  Longitude,  and  each 
equal  in  Latitude ;  one  In  North,  and  the  other  in  South  Lat. 

22.  The  Antipodes  are  Inch  as  Inhabit  two  Places  of  the 
Earth,  which  are  diametrically  oppoftte  one  to  the  other : 
that  is,  two  Places,  whofe  Difference  of  Latitude  and  Longi¬ 
tude,  is  each  180  Degrees,  and  fuch  Walk  Feet  to  Feet. 

The. 
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The  Earth  being  encompaflfed  with  Water,  whole  Wa  filings 
ur  round  mg  the  dry  Land,  cut  ojpt  and  fhape  many  wind- 
Bays, Creeks ^  and  meandrmg  .nlets, giving  Terminations  to  the 
:  Regions  of  the  Earth,  and  extending  it  lelf  round  them 
is  but  one  continued  Ocean.  Wherefore, 

he  Water  is  either  Ocean,  Seas ,  Straits ,  Creeks ,  Lalys,  Rivers, 
lys ,  Sec. 

,  The  Orficm,  is  a  general  GolleSKon  or  Rendezvous  of 
;aters. 

•  The  Sea,  is  a  Fart  of  the  Ocean,  to  which  we  come 
tgh  lome  Strait  j  as  the  Mediteranean  and  Baltic  Sea , 

.  A  Strait ,  is  a  narrow  part  of  the  Ocean,  lying  betwixt 
Shoars,  and  opening  a  way  into  lome  Sea  5  as  th  Straits 
t'm ciiter.  that  icad  into  the  iSdediteranean  Sea  *  and  the 
■,  which  leadeth  into  the  Baltick-Sea. 

*  A  Creel^  is  a  fmall  narrow  part  of  the  Sea,  or  River 
goeth  up  but  a  little,  way  into  the  Land. 

.  A  Bay  is  a  great  Inlet  of  the  Land,  as  the  Bay  of  Bftcay 
the  Bay  ofMaxico :  other  wife  a  Bay  is  a  Station,  or  Road 
Tins  to  anchor  in. 

k 

A  River,  is  a  fmail  Branch  of  the  Sea,  flowing  into  the 
h  courting  the  Banks,  whilft  they  their  Arms  difplay,  to 
ace  her  fllver  Waves, 

.  A  Laly ,  is  that  which  continually  retains  and  keeps 
;r  in  it  5  as  the  Lake  Zaire  in  Africa,  and  Lake  Nicurgua  in 

tea. 

A  Gulf,  is  an  Inlet  of  the  Land,  deeper  than  a  Bay,  as 
u!f  of  Wenice ,  the  Gulf  of  Florida  ♦  in  which  are  fwift 
nts>. 

Of  the  Names  of  the  Ocean. 

.  The  Ocean,  according  to  the  four  Quarters,  had  fout 
-s  j  as  the  Eafiern  or  Oriental  Ocean,  the  Wefiern  or  0t~ 
,al  Ocean ,  the  Northern,  or  Septentrional ,  and  the  Souther # 
ridional  Ocean.  But  belides  thefe,  it  hath  other  particular 
es  according  to  the  Continent  it  boundeth,  and  the  Na¬ 
if  the  Sea.  As  it  lies  extendeth  towards  the  Eafl,  it’s 
1  the  Chine  an  Sea,  from  the  Adjacent  Country  of  Chinas 
mds  tne  South,  it’s  called  Oceanus  Indicus ,  or  the  Indian- 
b  fnere  it  wafheth  the  Coafl:  of  Perfta,  it’s  called  Mare 
\um  \  In  like  manner  Mare  Arabicum  from  Arabia^  andfo 
fds  the  Weft,  it’s  the  Ethiofean  Sea. 


Then 
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14,  A  Continent,  is  a  great  Quantity  of  Land,  not  divkh 
by  trie  Sea,  wherein  are  many  Kingdoms,  and  Countries  cc 
joi"ed  :  as  Europe,  Jfia,  and  Africa  in  one  Continent,  and 
nter  ca,  is  apother.  . 

1 5.  An  Jjland,  is  a  part  of  the  Earth  that  is  environed 

compared  round  by  Water  •  as  Great- Britain,  and  alfo  Irela 
&c  are  1(1  and  6.  . 

In  Continents,  and  Iflands ,  are  thefe  Parts  ohfervlble, 
Peninjula,  ljihmus ,  and  Promontory, 

1 6  Peninjula ,  is  inch  a  Part  of  Land  as  isalmoft  enviro 
round  with  Water,  and  is  joined  with  the  Land  by  an  Ifth 
as  the  TVhrea  in  the  Levant . 

17,  An  IJikmus,  is  a  norrow  Neck  of  Land  between  two<5 
which  joineth  the  Peninjula  to  the  Continent  ♦  as  Corinth  in  Gy 

18.  A  Promontory  is  a  High  Hill,  Mountain,  or  Cap* 
Land  that  fhooteth  it  (elf  into  the  Sea  >  as  Capede  Verde, 
the  Cape  of  Good  Hope  in  Africa. 

ly.  A  Place  in  refpeft  to  the  Heavens,  is  either  Eaft,  W 
North  0/  South,  ' 

Thofe  Places  are  faid  to  be  Eaft,  which  lie  in  the  Eaf 
Hemifphere  ( terminated  by  the  Fir  ft  Meridian)  or  where 
Sun  rifeth. 

And  thofe  are  W eft  which  lieW efterly  of  the  faid  Merid 
or  towards  the  Setting  of  the  Sun. 

Thofe  Places  are  properly  North, which  lie  betwixt  the 
equator  and  the  Artie  Pole* 

And  thofe  Places  are  South,  which  lie  betwixt  the 
tor  and  the  Antartic  Pole., 

The  Antients  have  divided  the  Inhabitants  of  the  E 
into  PonWi,  Ani'mci s  and  Antipodes. 

20.  T hePericeci,  are  fuch  as  live  under  the  fame  Parallel 
in  oppoftte  points  of  it ;  thett  is,  they  are  in  the  fame  Lath 
but  their  Difference  of  Longitude  is  180  Degrees. 

21. ,  The  Antixci,  are  fuch  as  have  the  fame  Meridian, 
equally  diftantfrom  the  ./Equator,  but  the  one  North,  an 
other  South  :  that  is;  Two  Places  in  one  Longitude,  and 
equal  in  Latitude  ;  one  in  North,  and  the  other  in  South 

22.  The  Antipodes  are  fuch  as  Inhabit  two  Places  oi 
Earth,  which  are  diametrically  oppoftte  one  to  the  off 
that  is,  two  Places,  whofe  Difference  of  Latitude  and  Le  , 
tude,  Leach  180  Degrees3  and  fuch  Walk  Feet  to  Feet.  yV 
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The  Earth  being  encompaiTtd  with  Water,  whofe  Wa  filings 
in  iurrounding  the  dry  Land,  cut  opt  and  lliape  many  wind¬ 
ing  Bays, Creeks,  and  meandrmg  .w/m, giving  Terminations  to  the 
Four  Regions  of  the  Earth,  and  extending  it  ielf  round  them 
all,  is  but  one  continued  Ocean.  Wherefore, 

The  Water  is  either  Ocean ,  Seas,  Straits ,  Creeks ,  Rfwrr 

or  Bays,&cc.  *  . 

23,  The  Ocean,  is  a  general  Called!  ion  or  Rendezvous  of 
all  Waters, 

24.  The  &<*,  is  a  Part  of  the  Ocean,  to  which  we  come 
through  fome  Strait  3  a.sthe  Mediteranean  and  Baltic  Sea, 

25 ,& Strait,  is. a  narrow  part  of  the  Ocean,  lying  betwixt 
Shoars,  and  opening  a  way  into  fome  Sea  3  as  th  Straits 
ol  G Walter,  that  lead  into  the  Mediteranean  Sea  3  and  the 
Sound ,  which  leadeth  into  the  Baltick-Sea . 

2<L  A  is  afiml.l  narrow  part  of  the  Sea,  or  River 

that  goeth  up  but  a  little  way  into  the  Land. 

27g  A  Bay  is  a  great  Inlet  of  the  Land,  as  the  Bay  of  Bfcay 
and  the  Bay  ofMixico :  otherwife  a  Bay  is  a  Station,  or  Road 
tor  Sh  i ps  to  anchor  in. 

28.  A  River ,  is  a  fmall  Branch  of  the  Sea,  Bowing  into  the 
l  and,  courting  the  Banks,  whilft  they  their  Arms  difplay,  to 
embrace  her  Blver  Waves. 

29-  A  Lake,  is  that  which  continually  retains  and  keeps 
W ater  in  it  3  as  the  Lake  Zaire  in  Africa,  and  Lake  Nicurgua  in 
'America, 

30,  A  Gulf,  is  an  Inlet  of  the  Land,  deeper  than  a  Bay,  as 
the  Gulf  of  V mice ,  the  Gulf  of  Florida  3  in  which  are  fwift 
Currents ,, 

0/  the  Names  of  the  Ocean. 

r  3 r*  The  0r^«,  according  to  the  four  Quarters,  had  four 
Names  3  as  the  Eaftern  or  Oriental  Ocean ,  the  Wejhern  or  Oc¬ 
cidental  Ocean ,  the  Northern,  or  Septentrional ,  and  the  Souther % 
or  'Meridional  Ocean.  But  befides  thefe,it  hath  other  particular 
Names  according  to  the  Continent  it  buundeth,  and  the  Na“ 
ture^of  the  Sea.  As  it  lies  extendeth  towards  the  Eaft,  it’s 
called  the  Chinean  Seay  from  the  Adjacent  Country  of  China : 
Towards  tne  South,  it’s  called  Oceanus  Indicus, -or  the  Indian- 
Sea,  where  it  wafheth  the  Coalf  of  Perfta ,  it’s  called  Mare 
Pacificism  :  In  like  manner  Mare  Arahicum  from  Arabia^  andfo 
towards  the  Weft,  it’s  the  Ethiofean  Sea, 


Then, 
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Then  the  Atlantic  Ocean,  from  Atlas,  a  Mountain  in  Africa  : 
Sat  near  to  America,  it’s  called  by  tnc  Spaniards,  Mar- ael  Nort  3 
And  on  the  other  fide  of  America f  ids  MarMcl  Zur,  or  Mare* 

l  a  dficmn . 

Where  it  toucheth  upon  Spain ,  it’s  Qceanus  Hifpanicus  ,  by 
the  Englifk,  the  I3ay  of  Bijcay :  Between  England  and  France , 
it’s  called  th e  Engl fh  Channel-.  Between  England  and  Ireland 
the  Irijh  Sea,  or  St.  George's  Channel :  Between  England  and 
Holland,  by  fome  the  Germany ,  but  rather  the  Bnti/h  Ocean  : 
Northward  of  Scotland,  ids  called  Mare  Caledonmm More 
Isfotthr  rly,  ids  the  Hyperborean  or  Frozen  Sea  .  More  Eafterly, 
it’s  the  Tartarean  Sea ,  or  Schythian  Qc?ani  &c*  Thus  for  the 

Names  of  the  Ocean.  Next, 

Of  the  Names  tf  the  Seas . 

52.  The  Baltic  Sea,  by  the  Dutch  the  Oofi  Zea,  lying  between 
Denmark  Sweden,  a  d  Germany,  whole  Entranced  cahed  toe 
Sound :  The  Mare  Mediterranean,  by  the  Englifh  the  Straits' ; 
by  the  Spaniards,  Mar -de- Levant  3  the  Entrance  whereof  is 
called  the  S traits  of  Gihralter:  Then  Pontus  Euxmus,  or  the 
Black.  Sea-,  to  which  joins  Meotis  Pains t  now  Mar  del  Zabecke  • 
Then  the  Cafpiam r  or  Hercanean~Sea  :  Then  the  Arabian  Gulf 
blare  Rubrum,  or  the  RedJea  :  And  the  Per  fan  Gulf  or  Gulf 
de  Elcatijf,  &C. 

Of  the  Divifon  of  the  Earthly  Globe . 

33.  The  Globe  of  the  Earth  (as  was  faid  before  in  Def.  13.) 
is  divided  into  Four  Parts,  viz.  Europe ,  Ajh,  Africa,  America, 

34,  Europe  is  bounded  towards  the  North  by  the  Northern 
Ocean ,  or  Frozen  Sea  ♦  on  the  South  by  the  Meditteranean  Sea , 
lying  betwixt  it  and  Afia-  on  the  Eaft  with  the  River  Tanais : 
and  on  the  Weft  by  the  Weftern,  or  Atlantic  Ocean  3  whole 
Ch  ief  Provinces  are, 

Poland,  Mufcovia ,  Sweden, 

Denmark j  Germany,  France , 

Portugal ,  haly,  Hungary, 

Greece,  Dalmatia ,  Romania, 

The  Principal  Iftands  are, 

G  eat  Britain,  Ireland,  S  Sardinia t 

Corfica,  Candid >  Negropont, 

3  5.  Afm ,  is  bounded  in  the  North  with  the  Northern  and 
Tartarian  Ocean  3  in  the  South  with  the  Arabian  Gulf  or  Red 
Sea  3  on  the  Eaft  with  the  Indian  Ocean  ,  and  on  the  Weft  with 
the  River  Tanais,  The 


Norway , 

Spain , 

Scalvonin , 

Part  of  Tartarian 

Sicily , 

Cyprus , 


S e&.  II. 


57 


Turley  in  Afat 
Anatolia 
Syria , 

Media, 

Japan) 

Cyprus, 
Metellino, 


Perfidy 
Chaldea . 
Georgia, 
India , 
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The  chief  Regions  are, 

Arabia,  Tart  aria, 

Mefopotamia ,  Ajjyria , 

Armenia ,  Paleft'ma , 

Parthia ,  China, 

The  principal  Iflands  are, 

Sumatra,  Borneo ,  &c,  in  the  Oriental  Oceans 
Rhodes ,  in  the  Mediterranean. 

_  ,  *5Wo,  Samos,  & c.  in  the  Archipelago. 

36.  Africa  is  bounded  on  the  North  with  the  Mediterranean 
on  the  Eaft  with  the  Red- fea^  on  the  South  with  th eJEthiopean 
or  *S»Kth(fr»  0fftz»,andon  the  Weft  with  the  Atlantic^  Ocean . 

The  Principal  Provinces  are, 

JEgypt ,  Bafbary,  Billed  ulgerid. 

Defarts  of  Surra,  Negro  land,  JEibiopia ,  or  Aby flint « 

Nubia,  Monomotapa . 

Its  I  (lands  are, 

The  Canary  Iflands,  Gif*  Iflands, 

The  I  lies  of  Azores,  Madera  iflands. 

St.  Thomas  Madagafcar ,  cr  St.  Lawrence , 

Maltha ,  in  the  Mediterranean. 

57.  America,  is  bounded  on  the  North  with  the  Northern 
Oceanx  on  the  Eaft  with  the  AtlantickOcean ,  on  the  South  with 
the  MagelUntick-fea ,  and  on  the  Weft  with  the  South  Sea,  or 
Atfar  *k/  Z«r  :  It’s  divided  into  two  Parts,  vn*  Mexicana,  and 
Peruana . 

Mexicana, or  North  America  hath  thefe  Provinces  5 
New-Spain,  Terra  Florida ,  Carolina ,  Virginia ,  and 

Maryland,  Penftlvania ,  Newjerfey,  New- York, 

New- England,  New-France ,  Greenland ,  whether  Conti¬ 

nent  or  Ifland  is  not  yet  known. 
The  chief  Iflands  of  Mexicana  are, 

Iftand,  or  Ice-land ,  California ,  New-found-land ,  muaus. 

Paruana  or  South- America,  hath  thefe  Provinces  5 
Terra  magellamca ,  Brazillar  Chili,  The  Amazons,  Guianea , 
PdWdWtf,  Carthagena,  Peraguay ,  or  Rio-de-la-  Plata. 

The  Principal  Iflands  of  Paruana  are, 

Nifpctniola,  Cubay  Jamaica,  Port.Rico ,  Btrbttdoes^Yid  the  reft 

of  the  Carr  ibbte  A  [lands,  Sic.  ~  asf.  , 

Iflands,  Java-Major,  Java  the  left,  an#' matty  otner 

Iflands  in  the  Eaft  India*  . 

*  Having 
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Having  dekribed  the  Lines  and  Circle^'and  the  Parts  be¬ 
longing  to  the  TerreJUal  Globe 3  the  Ufes  of  all  take  in  the  fol¬ 
lowing  Problems. 

Problem  l.  To  find  the  Latitude  of  any  Place  ttvon  the  Globe . 

The  Rule.  Bring  the  propofed  Place  jail  under  the  Brafs  Me¬ 
ridian;  and  note  what  Degree  (on  the  Paid  Meridian)  {lands  a* 
gainft  ity  which  is  the  Latitude  thereof.  Or  thus, 

With  a  pair  of  Compares,  take  the  neared  Diftance  from 
the  propofed  Place  (on  the  Globe)  to  any  Parallel  of  Latitude 
and  lay  it  on  the  graduated  or  fir  ft  Meridian,  from  the  fab! 
Parallel,  the  fame  way  the  propofed  Place  lyeth  from  it,  the 
other  Foot  fheweth  the  Latitude  required.  * 

Example.  Let  it  be  required  to  find  the  Latitude  of  the  Lizard 

in  England. 

Turn  the  Body  of  the  Globe  till  the  Lizard  be  juft  under 
the  Brafs-Meridian,  and  you’ll  find  50  Deg.  right  againft  it  * 
which  is  the  Latitude  of  the  Lizard.  Or  thus, 

Take  the  nearer!  Diftance  (on  the  Globe)  from  the  Lizard,  to 
a  Parallel  of  Latitude,  apply  it  to  the  graduated  Meridian,  and 
it  fheweth  the  Latitude  50  Degrees  as  before. 

Note  ;  All  thole  Circles  on  the  Globe,  which  are  parallel 
to  the  ^Equator,  are  called  Parallels  of  Latitude. 

Problem  2.  To  find  the  Longitude  of  any  Place  on  the  Globe. 

The  Rule*  1,  Turn  (as  before)  the  Globe  till  the  propofed 
Place  lie  juft  under  the  Brafs  Meridian,  and  there  keep  it 
fteady.  .  r 

2.  Then  obferve  what  Degreee  of  the  ^Equator  lieth  under 
the  Brafs  Meridian,  and  that’s  the  Longitude  required. 

Example.  I  demand  the  Longitude  of  the  Lizard  m  England? 

Bring  the  Lizard  under  the  Brafs  Meridian,  and  then  the 
Brafs  Meridian  cutteth  the  Equator  in  iyd.  56'm.  the  . 
Longitude  required. 

Note  y  The  Globes  formerly  made  in  England  begun  Longi¬ 
tude  at  the  Meridian  of  the  Bland  of  St.  Michael  one  of  the 
Ifks  of  the  Azores  *  which  is  Weft  from  the  Meridian  of  Lon- 
don,  (according  to  the  Mariners  Compajs  ReHified ,)  2  jd.  20m. 

And  accordingly  the  Lizard's  Longitude  is  $6.  24m.  Weft 
from  London  :  This  Difference  in  the  Longitude  of  Places,  is 
occafloned  by  the  oifterent  beginnings  of  Longitude  by  feve- 
ral  Authors,  which  the  Student  is  defired  to  conlider. 


Prob* 
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Problem  3.  To  jW  ffc*  Dtftanceof  any  tveo  Places  on  the  Globe , 

T he  Rule.  1.  Lay  the  beginning  of  the  Degrees  on  .the 
Quadrant  of  Altitude,  upon  one  of  the  propofed  Places  and 
count  how  many  Degrees  on  it  are  contained  between  both 
Places,  which  is  the  Difiance  required* 

2.  Thofe  Degrees  being  multi ply’d  by  60,  the  Product  is 
the  Difiance  in  Minutes,  Or  thus, 

Take  the  Diftance  between  the  two  Places  with  a  pair  of 
Compares,  then  meafure  that  Diftance  on  the  Equator, 
counting  the  Degrees  intercepted  between  both  Feet,  audit 
will  (hew  the  Difiance  required. 

Note  $  The  Diftance  found  by  this  Problem,  is  the  fliorteft 
Diftance:  or  their  Diftance  in  the  Arch  of  a  Great  Circle, 
which  is  lefs  than  their  Diftance  in  the  Rumb,  leading  from 
one  to  the  other  3  except  both  Places  lie  under  one  Meridian* 
or  in  the  Equator. 

Example.  I  demand  the  Diflance  between  the  Lizard  and  the 
Ijland  Berbadoes? 

if  you  lay  the  Edge  of  the  Quadrant  of  Altitude  on  both 
Places,  and  the  beginning  of  the  Degrees  of  ir  on  one  of  she 
Places,  you  will  find  on  the  Quadrant  of  Altitude  56  Degress 
intercepted  between  them,  which  is  the  Diftance  3  and  being 
multiplied  by  do,  is  3 3 60  Miles  or  Minutes, 

Problem  4.  To  find  the  Angle  of  Portion  of  Places  3  that  ist  the 

Angle  the  Arch  of  a  Grsqt  Circle  pafing  through  two  gzven  Places 

makes  with  the  Meridian  of  either  of  them. 

The  Rule .  1.  Re&ifie  the  Body  of  the  Globe  .to  the  Latitude 
of  one  of  the  given  Places. 

2.  Bring  the  fame  Place  under  the  Brafs  Merididlan,  and 
there  ftay  the  Body  of  the  Globe. 

3.  Screw  the  Quadrant  of  Altitude  fait  to  the  Brafs  Meri¬ 
dian,  right  over  the  faid  Place. 

4.  Then  lay  the  graduated  Edge  of  the  Quadrant  of  Alti¬ 
tude  to  the  other  place,  and  the  faid  Edge  will  cut  the  Hori¬ 
zon  in  the  Degree  of  Pofition  required. 

Example*  Let  it  be  required  to  know  the  Angle  of  Pofition  of 
Berbadoes  from  the  Lizard. 

1.  Bring  the  Lizard  to  the  Brais  Meridian,  and  there  Bay¬ 
ing  the  Body  of  the  Globe,,  you  will  find  the  Latitude  of  the 
Lttard  to  be  50  Degrees, 

z.  Move 
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2.  Move  the  Brafs  Meridian  (keeping  the  Body  of  the  Globe 
fixed  as  before)  higher  or  lower  until  5  o  Degrees  on  it  do  cut 
the  Horizon  (on  the  North  fide  thereof,  then  is.  the  Globe 
rectified  to  the  Latitude  of  the  Lhard  :  The  like  you  muft  de 
in  Rectifying  the  Globe  for  any  other  Place  or  Latitude. 

3.  Screw  the  Quadrant  of  Altitude  to  50  Degrees  on  the 
Brafs  meridian,  (which  is  juft  over  the  Lhard>  if  the  Globe  be 
not  turned  from  it’s  Pofition  as  in  the  firft  ftep  hereofjand  turn 
the  graduated  Edge  of  it  to  Berbadee ?,  the  faid  Edge  will 
point  on  the  Horizon  to  7  id-  30m.  South  Wefterly  *  which 
is  the  Angle  of  Pofition  of  Berbadoes  from  the  Lizard  • 
that  is*  the  Angle*  the  Arch  of  a  great  Circle  palling  through 
or  over  the  twoPlaces,  makes  with  the  Meridian  of  th eLizard, 
which  is  not  the  Rumb, leading  from  thefirft  to  the  fecond  ; 
For,  if  you  re&ify  the  Globe  to  the  Latitude  of  Berbadoes , 
and  fo  proceed  as  before  dire£fed,  you  will  find  the  Angle  of 
Pofition  to  be  37d.  30m.  North-Eafterly,  the  Pofition  ofthe 
Lizard  from  Berbadoes ,  which  is  34  Degrees  lefs  than  the  Pofi¬ 
tion  of  Berbadoes  from  the  Lizard  3  whereby  it  appears  neither 
of  thefe  are  the  true  Rumb  or  Paint  of  the  Compafs  leading 
from  one  to  another.  For  you  are  to  Note  3 

1.  That  the  Rumb  lines  or  Points  of  the  Compafs,  make 
equal  Angles  with  all  Meridians  on  the  Globe. 

2.  That  an  equal  Segment,  or  part  of  the  faid  Rumb, 
changeth  or  altereth  the  Latitude  in  all  Places  equally. 

3.  That  the  Rumb  Lines,  tho’  continued  never  fo  far,  do 
not  pafs  through  the  Poles,  but  wind  about  them  till  they 
lofe  theordelves. 

4.  Thefe  Rumb-Lines  are  reprefented  upon  the  Globe  by 
thofeSpiral  Lines,  that  you  fee  are  32m  Number,  meeting  in  a 
Center,  where  there  is  &Floiver~de-Luce  pointing  to  the  North* 
from  thence  they  run  winding  about  the  Globe,  and  continue 
inclining  towards  the  Pole,  where  they  feem  confufed* 

Problem  5.  Two  Places  bein %  gtven^  to  find  their  Rumb  or  Courfe 
of  Bearings  or  Sailing  from  one  to  another .  v 

The  Rule .  1.  Having  found  the  two  Places  on  the  Globe, 
fee  what  Rumb  Line  paffes  through  both  of  them,  and  that 
is  the  Rumb  cr  Courfe  from  one  to  another. 

2.  if  no  Rumb  Line  pafs  through  both  places,  then  look 
what  runneth  Parallel  t©  both  Places,  and  that  is  the  Rumb 
or  Courfe  from  one  to  another.  * 

Examp. 
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Example  I.  i  demand  the  Courfe  from  the  Lizard  to  Cape  Cod 
in  New  England.  r 

On  the  Globe  vou  will  find  thefe  Place?  to  lie  on  dheW  by 
S-  and  E.  by  N,  Ramb-Line,  and  therefore  the  Courfe  from 
the  Lizard  to  Cape  Cod ,  ig  W.  by  3.  and  confequentlv  from  the 
laft  to  the  firlf ,  E  by  N. 

J  i 

Examp.  a.  I  demand  the  Courfe  from  the  Lizard  to  I.  Pc  ba.loes? 

Here  is  no  Rumb-Line  on  the  Globe  psfling  thro’  them, 
wherefore  look  for  a  Rumb  to  which  the  Place  Ties  mod  pa 
rallel,  and  you’ll  find  it  SAV.f  W.tne  Courfe  from  the  Lizard 
to  /.  Berbadoes  ♦  and  N  E.  |  Ei  from  L  Berbadoes  to  the  Lizard 

Problem  6.  Courfe  and  Difiance  failed  being  given  »  to  find  the 
Difference  of  Latitude  and  Difference  of  Longitude. 

Tihe  Rule  i.  Make  a  fmall  Mark  on  that  Kumb-Linef which 
is  the  given  Courfe)  in* the  Latitude  of  the  Place  you  fail  from,  ' 
and  bring  that  Mark  to  the  Brafs  Meridian,  which  cuts  the 
Equator  in  its  longitude. 

z.  Take  the  Diftance  failed  from  the  Equator,  and  lay  it  on 
the  Laid  Rumb,  from  the  forefaid  Pdark$  at  the  Termination 
therefore  make  another  Mark* 

3.  Then  Bring  this  Second  Mark  to  the  Brafs  Meridian# 
there  is  the  Latitude  of  that  Place  •  ard  then  the  Meridian 
cuts  the  Equator  in  the  Longitude  ofir. 

4.  Having  the  Latitude  and  Longitude  of  thofe  two  Places 
mark’d  in  the  Rumb-lire-  by  Subtra&ion  you  may  find  their 
Difference  of  Latitude  and  Difference  of  Longitude,  and  it’s 
done. 

Examp.  Sutfofe.  a  Ship  fads  S  W.  by  W.  200  Leagues,  or  to 
Degrees  from  the  Lizarci:  I  demand  her  Difference  of  Latituderand 
Difference  of  Longitude  :  or  u hat  Latitude  and  Longitude  fhe  is  in  ? 

1.  I  make  a  Mark  on  the  S  W  by  W,  Rumb,  juft  under 
50  Degrees, (the  Lizards  Latitude)  and  then  the  Meridian  cuts 
the  Equator  in  357  Degrees,  the  Longitude  of  that  Mark. 

2.  Take  10  Degrees  from  the  Equator,  and  lay  it  on  the  S. 
W  by  W  Rumb  from  the  firft  Mark  to  a  Second  Mark. 

3.  Bring  this  Second  Mark  to  the  Brafs -Mend tan,  a nd  there 
the  Latitude  of  it,  is  44d.  50m*  the  Latitude  the  Ship  is  in, 
and  in  the  Equator  the  Longitude  of  it  is  344c!.  iym.  and 
by  Subtraction  the  Difference  of  Latitude  is  yd.T'om  and 
Difference  of  Longitude  required  is  1 2d.  45m.  But  here  you 
imeft  note 3 

L  That 
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That  the  Diftance  tailed  intirely  taken  and  laid  on  the 
Rumb,  is  the  Diftance  in  the  Arch  of  a  Great  Circle,  and 
not  really  in  the  Rumb  *  for  the  Diftance  in  the  Great  Cir¬ 
cle  is  always  lefs  than  the  Didance  in  the  Rumb  ;  wherefore 
the  better  way  will  be,  to  take  i,  2,  3,  (orfome  (mall  Num¬ 
ber  of)  Degrees  of  the  Equator  5  and  run  that  Didance  fin  the 
Compares)  over  upon  the  Rumb.Line,  from  theFirft  Mark  to 
the  Second  :  and  in  fo  doing,  the  Diftance  is  more  truly  laid 

than  by  taking  »t  at  once.  •  • 

Problem  VII.  Both  Latitudes  and  Courfe  given  5  to  pnd  the  Di~ 
fiance  and  Difference  of  Longitude. 

the  Rule .  t.  Turn  the  Body  of  the  Globe  till  the  given 
Rumb  doth  cut  the  Brafs-Meridian  in  the  Latitude  you  de¬ 
part  from,  and  there  make  a  Mark  on  the  Rumb,  and  at 
the  fame  time  fee  what  Degrees  of  the  Equator  is  cut  by  the 
Meridkn  ;  for  that  is  the  Longitude  of  this  Mark. 

2.  Turn  the  Body  of  the  Globe  till  the  fame  Rumb  cuts  the 
Meridian  in  the  Latitude  of  the  Second  Place,  and  there  make 
another  Mark  on  the  Rumb  5  then  fee  what  Degree  of  the 
Equator  is  cut  by  the  Meridian,  which  is  the  Longitude  of  the 
Second  Mark  5  and  the  lefTer  Longitude  fubtracted  from  the 
greater,  gives  the  Difference  of  Longitude  required. 

3.  The  Diftance  between  the  two  Marks  on  the  Rumb- 
Line  being  mtafured  (according  to  the  Note  in  the  la  ^Problem) 
on  the  Equator i  gives  the  Diftance  of  the  two  Places. 

Example.  If  a  Ship  fails  S.  IV.  by  W*  from  the  Lizard,  till  by 
Obfervativn  fhe  be  in  Latitude  44 5^**  tsorth^  1  demand  her 
Diftance  failed ,  and  what  Longitude  (he  is  in  ? 

1.  When  you  bring  the  S  W.  by  W*  Rumb  to  cut  the  Me. 
ridian  in  50  Degrees,  the  Lizard's  Latitude, and  make  a  Mark 
on  the  Rumb  there,  then  the  Meridian  cuts  the  Equator  in 
357  Degrees,  the  Longitude  of  that  Mark- 

2  Turning  the  Globe  till  the  S  W.  by  W.  Rumb  cuts  the 
Meridian  in  44ft  som.  the  Latitude  of  the  Second  Place, and 
making  there  a  Mark  on  the  Rumb:  then  the  Meridian  cuts 
the  Equator  in  344d.  1 5m  the  Longitude  of  the  Second  Mark: 
And  therefore  the  Difference  of  Longitude,  is  lad.  45m.  Weft 3 
which  being  fubtra£led  from  the  Longitude  of  the  Lizard  : 
zod,  00m.  the  Remainder  is  o'jdi,  15m.  the  Longitude  the 
Ship iis  in. 

3.  Take  2  Degrees  from  the  Equator,  and  run  over  that 
Diftance  in  th/Compaffes  upon  the  Rumb,  from  the  Firft 

Mark 
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Mark  to  the  Second  ;  and  it’s  five  times,  which  is  lod.  or 
200  Leagues,  the  Diftance  failed  on  that  Rumb. 

Problem  8.  Having  the  Latitude  and  Longitude  the  Ship  is  in  given* 
to  find  the  Place  where  the  Ship  is  in  on  the  Globe. 

The  Rule  i.  Bring  the  Longitude  to  the  Brafs  Meridian, 
and  there  iky  the  Body  of  the  Globe* 

2-'  Where  the  given  Latitude  cuts  the  Globe  make  a  Mark 
on  the  Body  of  the  Globe,  which  Mark  is  the  Place  of  the 
Ship  at  that  Time. 

Example.  If  a  Ship  fails  from  the  Lizard,  and  after  jometinie 
is  m  Latitude  44^.  50 m,  and  Longitude  pd.  4 ym,  Idemandthe 
Place  of  the  Ship  on  the  Globe  ? 

1.  Bring  96.  45m.  on  the  Equator  to  the  Brafs  Meridian, 
and  there  flay  the  Globe. 

2.  Juit  under  44d.  50m.  on  the  Brafs.  Meridian,  make  a 
Mark  on  the  Body  of  the  Globe,  and  that  is  the  Place  of  the 
Ship  at  that  Time. 

Seflion  III.  The  Defcript/on  of  the  Coelefiial  Globe. 

T*  H  E  Coeleftial  Globe  reprefents  that  Glorious  Canopy,  fo 
richly  embroidered  and  befet  with  thole  Sparkling  Dia¬ 
monds,  that  upon  the  Dusky  Cheeks  ot  the  Night  hang  as  a 
rich  Jewel  in  an  Ethopedn’s  Ear  $  ha  ving  upon  it’s  Convexity 
artificially  placed  all  the  Stars,correfpondent  to  their  natural 
fitiiationin  the  Concavity  of  that  Orb ,  we  call  the  Starry  Heaven  0 

2.  The  Appurtenances  belonging  to  this  are  the  fame  with 
thofe  belonging  to  the  Terrejhal  Globe  5  and  being  before  de« 
feribed  in  Seftion  1.  of  this  Chapter,  I  refer  you  to  it. 

5.  Oh  the  Body  of  the  Globe,  befides  the  Conftellations 
of  the  Stdrs9  there  are  drawn  divers  Circles  $  as  the 
Equinoftiaf  Ecliptic ,  Colures t  Meridians ,  and  Circles  of  Longitude  ; 
all  thefe  are  called  Great  Circles  :  the  Leffer  Circles  are  the 
Tropics ,  Polar  Circles ,  and  Parallels  of  Declination. 

4  The  Eq  tiinoBial  in  this,  is  the  fame  with  the  Equator  in 
the  Ttrr efiial  Globe,  and  in  the  fame  manner  divided  5  and 
numbred  from  the  Left-hand  towards  the  risht  with  io,  20* 
30,  eye-  to  360  Degrees. 

The  ?oles  of  the  Equb-o^ial  are  alfo  called  the  Poles  of 
the  World,  and  are  repref  nfed  by  the  1  wo  Wires  on  which 
the  Body  of  the  Globe  tunxth. 

* 4 
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5.  The  Ecliptic  is  a  Great  Circle  which  croffeth  the  Equi- 
no&ial  in  two  opposite  Points  5  the  beginning  ot  Aries,  and 
Libra  5  it’s  divided  into  twelve  (equal  Parts)  called  Signs, 
each  containing  50  Degrees,  and  figured  from  the  left  Hand 
towards  the  right,  io,  20 >  $0;  then  10,  20,  90,  g^c„  having  the 
Figure,  Character,  and  Names  of  the  Sign,  as  followeth  : 

Aries  Y 
Taurm 


Gemini  n  Northern  Signs. 
Cancer  m  * 

Leo  & 

Virgo 


’Libra 
Scorpio 

^Southern  S! 

I  Cdpncornm 
Aquarius 
Pifces 


V? 


gns. 


This  Circle  with  its  Figures  and  Characters,  are  on  both 
Globes  9  fyut  the  CoeleCtiai  hath  the  Image  and  Name  of  the 
Signs,  which  the  Terreftial  hath  not. 

Under  this  Circle  the  Sun  moves  in  his  Annual  Courfe  9 
but  the  reft  of  the  Planets  have  their  Deviations  from  it  5  for 
which  Reafon  Aftronomers  aifign’d  Eight  Degrees  on  each  Side 
the  Ecliptic,  making  the  whole  Latitude  to  be  16  Degrees, 
breadth  is  called  the  Zodiac. 

The  Zodiac,  is  not  drawn  on  the  Globe,  only  imagined  by 
two  Circles  parallel  to  the  Ecliptic,  at  Eight  Degrees  diftance 
which  from  it  on  each  fide  thereof. 

The  Poles  of  the  Ecliptic ,  are  two  oppofite  Points,  each 
23d.  90m  diftant  from  its  Correfpondent  Pole  of  the  TVbrld  • 
there  the  Circles  of  Longitude  meet,  and  near  it,  is  writ  Polm 
Ecliptic <e. 

The  Meridians  are  the  fame  as  was  faid  in  the  Terreftial 
Globe ,  only  with  this  Difference  on  this  they  are  drawn 
through  every  90th  Degree  of  theEquinoclial, on  that  through 
every  1 5  Degree  of  the  Equator  }  in  both  they  all  meet  in 
the  Poles  of  the  World. 

7.  The  Colures,  or  two  Meridians,  Cutting  each  other  at 
Right  Angles  in  the  Poles  of  the  World,  dividing  the  Equi¬ 
noctial,  fnd  Ecliptic  into  4  equal  Parts;  the  one  paffeth  by 
the  beginning  of  dries  and  Libra)  two  EquinoBial  Sgns ,  there¬ 
fore  called  the  EquinoBial  Colure :  and  on  the  Globe  it  is  di¬ 
vided  into  Degrees,  numbred  from  the  EquinoClial  both  ways 
u  20,  90,  G Pc.  ending  in  90  at  each  Pole  of  the  World  5  it 
hath  thefe  Words  near  it,  Colurus  EqumoBiorum. 

The  other  paffeth  through  the  Beginning  of  Cancer  and  Car 

pricorm 
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fricorn,  two  Solftttial  Signs }  therefore  called  the  Solftitial  Cohn* 
this  paffeth  through  the  Poles  of  the  World,  and  Poles  of 
the  Ecliptic  5  its  diftinguifhed  on  the  Globe  by  thefe  Words, 
Co  lurws  Solfiitiorum. 

8,  The  Horizon,  is  a  Great  Circle  <?od.  diRant  from  the  Ze¬ 
nith,  and  Nadir,  cutting  all  Azimuth  Circles  at  Right-angles, 
and  divideth  the  World  into  two  equal  Parts,  the  upper  and 
vifible  Hemifphere,  the  lower  and  invifible  c  it's  reprefented 
by  the  upper  Side  of  the  Wooden  Frame,  on  which  is  a 
double  Kalendar,  of  Months  and  Day,  according  to  the  Old 
and  New  Stile,  with  the  Winds  or  points  of  the  Cornpafs,and 
a  Circle  of  Signs  and  their  Degrees. 

The  Zenith  and  Nadir,  are  two  Points  diametrically  oppo- 
fite,  and  they  are  the  Poles  of  the  Horizon.  The  Zenith  is 
the  Vertical  Point ,  or  Point  over  our  Head}  the  Nadir  is  direct¬ 
ly  oppofite  thereto* 

P*  The  Azimuths  or  Vertical  Circles,  are  Great  Circles  inter¬ 
fering  each  other  in  the  Zenith  and  Nadir,  and  cutting  the 
Horizon  at  Right  Angles  :  Thefe  Circles  are  not  drawn  on 
the  Body  of  the  Globe,  but  are  reprefented  by  the  Quadrant 
of  Altitude,  when  it's  fcrew’d  in  the  Zenith. 

10.  Circles  of  Longitude t  are  Great  Circles  interfering  each  ci¬ 
ther  in  the  Poles  of  the  Ecliptic,  and  cut  it  at  Might-An¬ 
gles:  Thefe  are  reprefented  by  the  Quadrant  of  Altitude 
when  it  is  fcrew’d  over  the  Poles  of  the  Ecliptic  5  and  on  the 
Body  of  lome  Globes,  12  of  thefe  Circles  are  drawn,  palling 
through  the  Beginning  of  the  Twelve  Signs, 

Thus  much  for  the  Great  Circles.  We  pafs  on  ta 
The  Dejcfiption  of  the  Leffer  Circle 

LeJJer  or  Small  Circles ,  are  thofe  which  divide  the  Globe  in¬ 
to  two  Unequal  Parts,  and  are  Parallel  to  home  Great  Circle* 
therefore  called  Parallel  Circles ,  and  are  of  three  kinds,  viz. 
Parallels  of  Declination 3  Parallels  of  Altitude  %  and  Parallels  of  L al¬ 
titude. 

11 .  Parallels  of  Declination^  are  Parallel  to  the  Equinoctial, 
imagined  to  pafs  through  every  Degree  and  Minute  ot  the 
Meridian,  between  the  Equinoctial,  and  each  Pole  ot  the 
World  •  .and  are  the  fame  with  the  Parallels  ot  Latitude  on 
the  T erreftial  Globe* 

The  Tropicus  and  Folar-Ckchs ,  are  Parallels  of  Declination, 
and  the  fame  as  before  in  the  Defcription  of  the  Tentfial  Globe. 

b.  3  1  *« J,ml 
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12.  -Almic  anthers,  or  Parallels  of  Altitude,  are  Parallel  to  the 
Horizon  imagin’d  to  pafs  through  every  Degree  and  Minute 
of  the  Meridian  of  a  Place,  between  the  Horizon  and  the  Zie~ 
nith  of  that  Place  :  Thefe  are  deferibed  by  the  Divifions  on 
the  Quadrant  of  Altitude  in  its  Motion  about  the  Body  of  the 
Globe,  when  it  is  {crewed  in  the  Zenith  of  any  Place. 

1 3.  Parallels  of  Latitude ,  are  fmall  Circles  parallel  to.  the 
Ecliptic ,  imagined  to  pafs  through  every  Degree  and  Minute 
of  the  Colures  between  the  Ecliptic  and  the  Poles  thereof. 
Thefe  are  reprefented  by  the  Divifions  of  the  Quadrant  of  Al¬ 
titude  iii  its  Motion  round  the  Body  of  the  Globe,  when  it  is 
ferew’d  over  the  Poles  of  the  Ecliptic. 

Having  deferibed  the  imaginary  Circles  of  the  C&!e(lial 
Globe,  we  proceed  now  to  the  Defcnption  of  the  btars,  thofe 
glorious  Diamonds,  fparkling  in  the  inomenfe  Expanfion  of 
the  Firmament,  encirling  the  Terreftial  Orb  at  unmeafurable 
Diitance,  which  for  Multitude  feems  innumerable,  yet  the 
greateif  and  more  vifible  may  be  numbred  and  named:  And 
for  tViis  ?u  rpofe  Afironomers  ( for  Order  and  Method  lake)  have 
reduced  many  Stars  into  on  elmage  or  Conjlellation>  the  better  to 
know  where  to  (eck  them  5  and  being  found  how  to  exprefs 
them. 

14.  the  Number  of  Conditions  now  drawn  on  the  Body 
of  the  Caleftial  Glebe,  £6,  and  are  as  followeth. 
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Stars 

I.  Ur  [a  Minor  — — - -  9 

2*  Ur  fa  Major  - -  33 

3.  Drac^m^m^j.  1  m*  —  3 6 

4.  Cepheus  - -  J  I 

B00«.i  - - —  2  2 

6.  Corona  Borealis  ■■  8 

7.  Hercules  ’ - 30 

8.  Lyra  -  IO 

9  Qlor ,  aut  Cygnus  — —  1  7 

|  O,  Cofjiopea 23 
11.  Per  feus  an  d  Caput  2, 
Medffct  «- — i 


Star* 

I  2  ♦  AVeT  rnmmmmmmmr.***  £  4* 

O  m,  9 

M.  y  9  tUCf 

«•  4.. 

1).  oagun* 

7 

-  —  O 

I  o ,  A^utlia 

i  o,  VeipDtnus  «"*•* 
*  ,  • 

ip.  Equinicutus 

_ _ ,.  #  ? 

20,  Pevafus——' — 

2 1 .  Andromeda 

-  7 

22.  Triangulum 

43“  Coma  Berenices 

In  all  383 

The 
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The  Zodiacal  Conftellations  are  12  fvitm 


I.  Aries  ^ 
%  Taurus 

3.  Gemini 

4.  Cancer 

5.  jL«?o  — 

6.  Virgo  — 


Stars 
1 6 


wmmj  \ 


9* 

2-4 

i  6 

*  99 
■  99 


7  Li&r<*  - - 

8.  Scorpio  — — 

9.  Sagittarius  - 
io.  Capricornus 
I  r.  Aquarius  ~~ 
12  Pijces  — — «» 


Stars 
— 10 

—  26 

—  29 

—  *r 

—  94 

—  94 


In  all  $  1 4 


The  Southern  Conftellations  are  30 >yh.,  • 
Stars 


1.  Cetus- 

2.  Oriow  - 


5  Flumen  Eridanus 

4.  Lf/w*  — . .  —  - 

5.  Ca»*5  major 


26 

99 

49 

19 

•J9 

2 

•  42 
- 1 1 

-2  7 
—  8 

~  7 

90 

-  22 

-  5 

-  8 


17.  Columbus  - 

1  8.  P/'/c«  Auflrinus 
19  Gras 

20.  P  hoe  nix 

21.  Indus 

22.  pa-uo 

2  3 .  A'Fis  Indica  Touchan, 

24.  Apus  mu fca  — — - 
2  5 .  Chameleon  « — ■*“ — ~  — 

2  <5.  Triangulum,  Aufralif. 

27.  Pi  fees  Texans  —  ~-~ 

28.  D eradq ,  " 

29.  ytyosgj  Anjer^  Amerkanm  1  o 

30.  Hydrug  Serpens  Aujlrina  10 


U*HK0 


*> 

y 

JO 

-  7 
7 


6  Canis  mino^-or  Canicula 

7  •  Argo  Maxis - — - - 

8»  Robur  Carolmum  * 

9  Hydra 

[O.  Odter 
l  i .  Corxus  > — 

1 2.  CVtffrtMrar 

[  3 .  Lupus  — — — 

14 . Crofero  ot  the  Crofters 

15.  Ara,  or  the  Alter - -  ~ 

16.  Corona  Auftrina - Jo  a  u  -  ^ 

There  is  added  by  Sir  Charles  Scarborough,  a  Confteliation: 
called  Cor  Caroliy  being  one  Star  in.  a  Crowned  Heart,  lying  b^ 
tween  Urfa  'Major  and  Coma  B erenicts :  So  that  the  Coniiellati- 
ons  now  pourtray’d  on  the  Globe  are  66,  containing  1136 
Stars,  befidesmany  that  are  unformed,  making  in  all  more 
than  1300  Stars,  which  are  diftinguifhed  into  Six  Degrees  of 
Magnitude ,  or  Bignefs :  The  biggeft  and  brighteft  are  called  6W* 
of  the Firft  Magnitude  •  thofe  next  inferior  in  bignels  and  ^rig  t- 
nefs,  are  Stars  of  the  Second  Magnitude ,  unto  Stars  of  the 

Sixth  Magnitude  Thefe  feveral  Magnitudes  are  exprened  ?? 
the  Globe  in  feveral  fhapes,  as  may  be  feen  in  a  little  Table 

“laced  on  the  Globe,  intituled  Stellarum  Magnitudmes 

"  “  s  *  t  4  S IVo, 
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Se£Hon  IV,  The  Ufeof  the  Casleftial  Globe- 

"DEfore  wgrking'any  Problem  on  this  Globe  I  hold  it  necef- 

lary  to  explain  Icveral  Words  of  Art  ufed  in  Jftronomy , 
and  Gmgraphyr  and  are  in  thefe  following  Definitions. 

1.  Altitude^  is  an  Arch  of  an  Azimuth  Circle,  contained  be¬ 
tween  the  Horizon  and  any  Parallel  of  Altitude,  It’s  counted 
on  the  Brafs  Quadrantol  Altitude?  which  represents  any  Azi¬ 
muth  Circle  on  the  Globe. 

2.  Ajcevjion,  is  the  Riling  of  the  Sun  or  Star,  or  any  part  of 

the  Eqainottial  above  the  Horizon  5  and’  Dejcenfion/is  t|ie  Set- 
mg  thereof, 

3.  Right  Jjcenfion^  is  an  Arch  of  the  EquinoHial  intercepted 
between  the  beginning  of  Aries ,  and  any  Meridian,  and  count¬ 
ed  according  to  toe  Order  and  Succefllon  of  the  Signs  5  Or, 
Shs  that  Decree  and  Minute  of  the  EtjuinofHal  (counted  as 
before)  which  cometh  to  the  Meridian  with  the  Sun,  Star,  or 
with  any  Point  of  the  Heavens* 

4.  Oblique  Afeenjton,  is  that  Degree  and  Minute  of  the  Equi¬ 
noctial  (counted  as  before )  which  rifeth  with  the  Center  of 
the  Sun,  or  Star,  or  with  any  Point  gf  the  Heavens:  And 
Oblique  Dfcwfion  is  the  Setting  thereof  - 

5.  Jfc «? fmal  Difference,  is  the  Difference  between  the  Right 
and  Oblique  Afcenjion,  or  Defcevfion  :  Or  it  is  the  Space  of  Time 
the  Sun  Rifeth,  or  Setteth  before,  or  after  Six  of  the  Clock. 

6.  Amplitude,  is  an  Arch  of  the  Horizon  comprehended  be-? 

tween  the  true  Ea{|  and  Weld  Points  of  it,  and  the  Center  ot 
the  Sun,  or  Star,  at  their  Riling-  or  Setting.  v 

7.  Afimuth ,  is  an  Arch  of  the  Horizon  contained  between 
the'  Meridian  of  the  Place  and  any  other  Azimuth  Circle:  Or 
contained  between  the  Prime  Vertical 3  and  any  other  Azimuth 
Circle, 

8.  Declination ,  is  an  Arch  ofa  Meridian,  comprehended  be^. 
tween  the  EquinofHal  and  the  Center  of  the  Sun,  or  Star,  or 
any  point  of  the  Heavens:  IPs  North  Declination  on  the 
North  fide  of  the  Equino&ial,  but  South  Declination  when 
cm  the  South  Side  thereof.  ^ And  it  is  counted  on  the  Rrafs 
Mend  an  on  the  Globe,  and  on  the  Eqisino£Hal Colure. 

9 •  Dour  of  the  Day  or  Night ,  is  an  Arch  of  the  Equtnoflial, 
contained  between  the  Meridian  of  the  Place,  and  another 
Meridian  paffing  through  the  Center  of  the  Sun  at  any  time. 
This  is  counted  on  the  Brafs  Hour  Circle?  which  is  divided  into 

the 

*» 
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the  24  Hours  of  the  Day,  and  Night ;  and  hath  a  little  Brafs 
Index  pointing  to  them  as  the  Globe  is  turned  about  :  Grit 
is  counted  on  the  Equinoffial  Reckoning  15c!.  an  Hc  ur. 

10.  Latitude  of  a  Star,  is  an  Arch  of  a  Circle  of  Longitude, 
contained  between  the  Ecliptic  and  the  Star’s  Center:  This 
is  counted  on  the  Brafs  Quadrant  of  Altitude,  when  fcreyved 
over  the  Pole  of  the  Eelipcicj  for  then  it  reprefents  a  Circle 
of  Longitude. 

11.  Latitude  of  a  Place,  or  Latitude  upon  the  Earth,  is  an 
Arch  of  the  Meridian  of  that  Place  contained  between  the 
Equator  and  thar  Place:  Equal  to  which  is  the  Height  of 
the  Pule  ( of  theWorld )  above  the  Horizon*  This  is  counted  on 
the  Brafs  Meridian  of  the  Globe  ;  Or  it  may  be  counted  on 
the  graduated  Meridian  on  the  Body  of  the  Globe* 

So  that  Latitude  in  the  Heavens,  and  Latitude  on  the  Earth , 
are  different  things;  one  being  an  Arch  of  a  Circle  of  Lon¬ 
gitude  and  applicable  to  the  Planets  ( except  the  Sun,  who 
hath  no  Latitude;  and  Stars :  The  other  an  Arch  of  a  Me¬ 
ridian,  and  applicable  to  Places  on  the  Earth . 

12.  Longitude  in  the  Heavens,  is  an  Arch  of  the  Ecliptic* 
comprehended  between  the  beginning  of  Aries,  and  that  Cir¬ 
cle  of  Longitude  which  paffeth  through  the  Center  of  the  Sun, 
Star,  or  any  Point  of  the  Heaven.,  and  counted  according  to 
the  Succeiiion  of  the  Signs. 

1$.  The  Place  of  the  Sun,  or  a  Star ,  with  refpefl  to  the  Edip» 
tic,  is  the  Sign,  and  Degree,  and  Minute  of  that  Sign  the 
Sun  or  Star  is  in, 

14.  Longitude  of  the  Sun,  or  of  a  Star,  from  the  nearefl  Eqtti* 
noBial  Point,  is  how  many  Degrees  and  Minutes  the  Sun  or 
Star  is  from  the  beginning  of  dries,  or  Libra  ;  either  before  0.1? 
after  them;  which  can  never  be  more  than  180  Degrees. 

15.  Longitude  on  the  Eaith ,  is  an  Arch  of  the  Equator,  com¬ 
prehended  between  the  Meridian  of  any  Place,  and  thaf 
Meridian  where  Longitude  takes  its  beginning 

So  that  Longitude  in  the  Heavens,  and  Longitude  on  the  Earth 
are  vaftly  different,  one  being  an  Arch  of  the  Ecliptic,  the 
other  an  Arch  of  the  Equator 

id-  Meridian  of  a  Place,  is  that  Meridian  which  pageth  over 
the  Zenith  of  that  Place  ;  to  which  when  the  Sun  cometh  it’s 
either  Noon  or  Midnight :  At  the  Firft  he  is  at  hi*  higheft 
Altitude  above  the  Horizon,  and  at  the  lad*  he  is  at  the 
|owdf  Depredion  for  that  Day, 
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In  like  manner  any  Star  coming  to  the  Meriden  of  any 
Place  it  is  at  the  highed  Altitude,  or  lowed  Depredion. 

Thefe  Things  being  well  confider’d,  the  following  Problems 
will  be  the  better  underdood. 

Problem  9,  The  Day  of  the  Month  green  \  to  find  the  Suns  Place 

in  the  Ecliptic. 

The  Rule.  1  Seek  the  Day  of  the  Month  (in  either  Account 
according  to  the  Julian  or  Gregorian)  as  you  find  them  placed 
in  the  Kalendar  on  the  upper  fide  of  the  Horizon. 

2,  Right  againd  it,  in  the  innermod  Circle,  is  the  Sign, 
Degree,  and  Minute,  the  Sun  fhall  be  in  that  Day  at  Noon 

Example.  The  8 th  Day  of  January  in  the  Julian,  or  19th  of 
the  Gregorian  Account :  I  demand  the  Suns  Place  in  the  Ecliptic . 

Right  againd  the  8th  of  January  in  the  Julian  Kalendar ,  in 
the  Circle  next  within  it,  it  is  apDegreesof  Capricorn,  in  which 
Sign  and  Degree  the  Sun  will  be  the  8th  of  January. 

In  like  manner  his  Place  for  February  the  15th,  is  yd,  30m. 
in  Pifces . 

Problem  10  How  to  Refhfie  the  Globe  for  any  Latitude f  and  to 
maf{e  it  ft  for  Ufe f  at  any  given  Time. 

Th  Rule.  1 ,  The  Globe  being  placed  in  the  Frame,  by  putting 
the  Brafs  Meridian  into  the  two  Notches  that  are  in  the  North 
and  South  parts  of  the  Horizon,  fo  that  the  graduated  Side 
thereof  be  towards  the  Ead?  and  it  reds  in  the  Notch,  that  is 
in  the  Bottom  of  the  Frame:  Move  thefaid  Meridian  higher, 
or  lower  till  the  given  Latitude  in  it  doth  juft  touch  the 
upper  Part  of  the  Horizon  on  the  North  fide  thereof,  if  North 
Latitude,  but  the  South  fide  when  South  Latitude. 

2.  Place  the  Bra] 5  Hour.Cirtle  about  the  Pole,  fo  that  the 
Hours  of  12  and  12  lie  dire&ly  over the  graduated  Side  of  the 
Brafs  Meridian;  and  put  the  little  Index  on  the  Axis  fo  that 
it  may  move  about  as  you  turn  the  Globe  $  then  doth  the  up¬ 
per  12  on  the  Hour-Circle  reprefent  12  at  Noon,  and  the  lower 
1 2  at  Midnight  5  and  all  the  other  Figures  correfpondent 
Hours  of  the  Day  and  Night. 

3.  By  Problem  9.  Find  the  Sunss  Place  according  to  the  gi¬ 
ven  Time  ;  then  leek  the  Sun’s  Place  in  the  Ecliptic  on  the 
Body  of  the  Globe,  and  bring  that  Degree  to  the  Brafs~Meri» 
dian  3  there  day  the  Globe,  and  then  turn  the  little  Index  till 
it  points  jud  at  the  upper  12  in  the  Hour  Circles' 

Thus, 
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Thus  is  the  Globe  Rectified  to  the  given  Latitude,acd  the 

Hour  Circle  and  Index  to  the  given  Time. 

Example.  At  London  t he  14th  of  February  ;  I  would  have 

the  Globe  reBified  fit  for  Ufe. 

i. Move  the  Brais  Meridian  till  5  id. 3 am.  in  .t  toucheth  the 

North  Part  of  the  Horizon.  ,  *  D  r 

a.  By  Problem  9.  The  Sun’s  Place  «d .  ?om.  in  P.Jiesj 

which  being  found  in  the  Ecliptic  on  the  Globe,  bring  it  to 
the  Brafs  Meridian, and  there  flaying  the  Globe  turn  the  little 
Index  to  the  upper  .a  in  the  Hour  Circle  ,-and  there  fet  .tfo, 
that  it  may  move  with  the  oiobe,  and  it  s  one.,  ^ 

Problem  I  U  The  Day  of  Month  given  3  to  find  the  Suns  De¬ 
clination .  *  . 

The  Rule.  1.  By  Prob  9.  Find  the  Sun’s  Place  in  the  Ecnptic. 
a.  Bring  the  Sun’s  Place  fin  the  Ecliptic  on  the  Globe  to 
the  Brafs  Meridian,  on  which  and  right  over  the  Sun  s  1  lace 

'* LD4intD,'X/1.b,..,y ,  1  f* »  w  * 

The  Sun’s  Place  in  the  Ecliptic,  for  the  14th  of  February 

(found  bv  Problem  9.)  is  6d,  3^m*  *n  .  *  r* i  u 

.  BrL  fid.  30m  in  X  (in  the  Ecliptic  on  the  Globe)  to 

the' Brafs  Meridian,  and  then  right  over  it  on  the  BrafsMen- 

dirt  is  9d.  torn,  which  is  the  Sun’s  Declination,  South  De- 

CrTfitithCaPaiofCompafl-es  take  the  neateft  Diftance  from 
the  Sun’s  Place  in  the  Ecliptic  6d>  30m.  in  H,  to  the  Equi- 

“filtolm  Sto.  O.  .h,  E™ai,!.C.lu,t,  ..d 

it  fheweth  the  Declination  9d.  10m.  as  before. 

Problem  la.  The  Day  of  the  Month  given  ;  to  find  the  Sun’s  R  tgbt 

The  Rule.  J.  As  before  find  the  Sun’s  Place  mthe  Ecliptic 

by/rBr/iM9the  Sun’s  Place  (as  direSed  in  Problem  ii-)to  the 
Brafs- Meridian,  look  what  Degree  of  the  EqumoBtal  is  cut  y 
it,  ^dt  a  is  the  Sun’s  Right  Afcenfion  req. ..red. 

Example.  The  Wb  of  February :  I  itmand  the  Sun  t  Rtght 

47.tII  ,4th  of  February  his  Place  in  the  Ecliptic  is  fid^orm 
In  U  by  Problem  9. 
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a*  His  Place  6d.  30m;  of  X,  being  brought  to  the  Brafs- 
Meridian,  it  cuts  the  Equinoctial  in  338 d.  15m.  the  Sun’s 
Right  Afcenfion. 

+ 

Problem,  13.  The  Latitude  of  a  Place  ^  and  the  Day  of  the  "Month 
given  5  to  find  the  Time  of  the  Surds  Rifing,  Setting ■  and  hts  Am¬ 
plitude. 

The  Rule .  1.  ReCtifie  the  Globe  (by  Problem  to.  fit  for  Ufe) 
according  to  the  given  Latitude,  and  given  Time. 

2.  Bring  the  Sun’s  Place  (in  the  Ecliptic  on  the  Globe j 
down  to  the  Horizon  on  the  EaR  fide  thereof,  and  then  the 
little  Index  will  point  to  the  Sun’s  Riling  in  the  Hour  Circle.* 
and  the  Body  of  the  Globe  Rayed  there,  look  what  Degrees 
of  the  Horizon  (counted  from  the  EaR  Point  thereof)  ft  and- 
eth  right  againR  his  Place  (in  the  Ecliptic  on  the  Globe)  that 
is  the  Sunb  Amplitude  at  his  Rifing. 

In  like  manner  turn  the  Globe  till  you  bring  the  Sun’sPlace 
to  lie  even  with  the  Weft:  fide  ot  the  Horizon,  Raying  the  Bo** 
dy  of  the  Globe  there,  then  will  toe  Index  point  to  hisSetting, 
and  againR  his  Place  on  the  Globe  ftandeth  hisAmplitude(on 
the  Horizon)  counted  from  the  W,  Point  thereof. 

Example.  The  14 th  of  February  at  London:  / demand  the 
Time  of  the  Surds  Rifing  and  Setting ,  and  his  Amplitude. 

1. The  Globe  being  Reftiried  to  the  Latitude  of  51ft.  32m. 
and  the  Hour  Index  to  <£d.  30m-  of  K,  then  ’tis  Rectified  to 
the  g’ven  Latitude  and  given  Time. 

2  Bring  6d.  30m  of  X>  to  the  EaR  fide  of  the  Horizon, 
and  Raying  the  Globe  there,  the  Index  points  to  6  Hours  f 3 
that  is  |  after  6  is  the  Sun’s  Rifing:  And  againR  tfd.gom  of 
5$,  is  i4d<  35  m.  on  the  Horizon  (from  the  EaR  towards  the 
South)  which  is  the  Suns  Amplitude  at  Rifing. 

In  like  manner  turn  the  Globe  till  you  bring  6d.  30m.  of  X, 
to  the  W.  fide  ot  the  Horizon,  and  the  Index  Points  to  J  after 
5  which  is  the  ur/s  Setting  5  and  in  the  Horizon  you  have  his 
Amplitude  (the  fame  as  before"  I4d.  35m,  from  the  (WeR 
towards  the  South, /which  is  the  Sun’s  Amplitude  or  Setting. 

Problem  14,  The  Latitude  of  a  Place s  and  the  Day  of  the  Month 
given’,  to  find  the  Sun 's  Oblique  Afcenfion ,  and  Defcenfion. 

The  Rule.  i.  ReElify  the  Globe  to  the  given  Latitude,  and 
gad  the  Suns  Place  in  the  Ecliptic  for  the  given  Time.  \ 

Bring 
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i.  Bring  the  Sun’s  Place  in  the  Ecliptic  on  the  Globe,  to 
the  Eaft  fide  of  the  Horizon,  and  then  fee  what  Degree  of  the 
Equinoctial  is  cut  by  the  Horizon,  and  that  is  the  Sun’s  Ob¬ 
lique  Alcenfion. 

3.  InfLike  manner  Jbring  the  Sun’sfPIace  in  the  Ecliptic  to  the 
Weft  fide  of  the  Horizon,  and  it  fheweth  hisOblique  Defcen. 

Example.  The  14th  of  February  at  Loftdon;  I  demand  the 
Suns  Oblique  Ajcenfion  and  Defcenfion. 

1.  ReCHfie  the  Globe  to  the  given  Latitude  5  id.  32m-  ac¬ 
cording  to  Problem  10. 

2.  Bring  tfdt  30m.  of  X  (the  Sun’s  Place  for  the  14th  of 
February)  to  the  Eaft  fide  of  the  Horizon,  and  then  it  cuts  the 
EquinoClial  in  345^  50m.  which  is  the  Sun’s  Oblique  Afcen. 

3.  Bring  6'd.  30m.  of  X  to  the  Weft  fide  of  the  Horizon, 
it  cuts  the  EquinoClial  in  32 6d*  30m.  which  is  the  Sun’s 
Oblique  Defcenfion. 

Prob.  15.  The  Latitude  of  a  Place t  and  Day  of  the  Month  given  3 

to  find  the  Suns  Altitude,  and  Azimuth  at  any  time  of  the  Day . 

The  Rule.  1.  Re&ifie  the  Globe  and  Hour -Index,  as  before 
in  Problem  10. 

2.  Screw  the  Quadrant  of  Altitude  in  the  Zenith  5  which  I 
call  Rectifying  the  Quadrant  of  Altitude  to  the  Latitude  of 
the  Place. 

3.  Turn  the  Globe  till  the  Index  point  to  the  given  flour  of 
the  Day,  and  there  ftay  the  Globe. 

4.  Move  the  Quadrant  of  Altitude  till  the  graduated  Edge 
of  it  lie  juft  on  the  Sun’s  Place  in  the  Ecliptic  on  the  Globe* 
and  there  ftay  it. 

5.  Look  what  Degree  on  the  Quadrant  of  Altitude  is  againft 
the  Sun’s  Place,  and  that  is  the  Sun’s  Altitude. 

6.  Look  what  Degree  ot  the  Horizon  is  cut  by  the  Gradu¬ 
ated  Edge  of  the  Quadrant  of  Altitude,  counted  from  the 
North,  or  from  rhe  South,  that  is,  the  Sun’s  Azimuth. 

Example.  Alt  London  the  1  jth  of  June,  at  6  of  theClock,m 
the  Forenoon  ;  I  demand  the  Sun  $  Altitude  and  Azimuth  ? 

r.  The  Globe  being  ReCHfied  by  Prob  to.  turn  it  about  till 
the  Hour  Index  point  to  6  in  the  Morning,  and  there  ftay  the 
Body  of  the  Globe. 

2.  Screw  the  Quadrant  of  Altitude  on  5  id.  32m,  (on  the 
Brafs* Meridian)  which  is  the  Zenith,  or  Londons  Diftance 
from  the  Equino&iab 

Note  3 
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Note,  In  fcrewing  the  Quadrant  of  Altitude  on  the  Brafs- 
Mcridian,  you  muft  put  the  Screw-Side  of  the  Notch,  on  the 
back-fide  thereof,  and  put  it  clofe  down,  To  clofe  to  it,  that 
the  thin  Plate  may  he  as  near  the  Body  of  the  Globe  as 
poffibly  you  can  5  yet  io,  as  not  to  obftruff  its  moving, 

Aifo  mind  that  youfet  the  (loped  Edge  of  the  Notch  to  the 
Latitude  of  the  given  Place, 

3.  Bring  the  Graduated  Edge  of  the  Quadrant  of  Altitude  to 
6d,  iom.of$,the  Sun’s  Place  (for  June  the  1  ytb)  in  the  £- 
clftic,  and  then  on  the  Quadrant  of  Altitude  (zgainQ.  it)  i$  i8d. 
30m.  his  Altitude  at  6  of  the  Clock* 

4,  And  the  Quadrant  of  Altitude  cuts  the  Horizon,  in  io4d. 
50m.  from  the  SouthEaftwardj  which  is  the  Sun’s  Azimuth 
at  the  fame  Time. 

Problem  i6»  The  Latitude  of  a  Place,  the  Day  of  the  Month,  and 

Sun  5  Altitude  given  5  to  find  hit  Atimuth  and  Hour  of  the  Day • 

The  Rule.  i»  Re£lifie  the  Globe,  Hour  Index  and  Quadrant  of 
Altitude ,  as  before. 

2.  Turn  the  Body  cf  the  Globe,  and  move  the  Quadrant 
of  Altitude,  till  you  bring  the  Sun’s  Place  in  the  Ecliptic  to 
lie  juft  under  his  Altitude  on  the  Quadrant  5  there  ftay  them 
both- 

3.  Then  will  the  Graduated  Edge  of  the  Quadrant  point 
out  the  Azimuth  in  the  Horizon  from  the  North,  or  South  5 
and  the  Index  fheweth  the  Hour  of  the  Day. 

Example.  At  Berbadoes  the  14 thof  February ,  in  the  Forenoon, 
the  6un’s  Altitude  being  30 d.  I  demand  bis  Azimuth,  and  Hour  of 
the  Day  ? 

1.  The  Globe  being  Re£!ified  to  the  Latitude  of  Berbadoes 
13d.  50m.  aifo  the  Hour  Index  to  dd^om.of  H,the  Sun’s 
Place  for  the  14th  of  February,  and  the  Quadrant  of  Altitude 
(crewed  in  the  Zenith. 

2.  Then  move  the  Globe  and  Quadrant  of  Altitude,  till 
you  bring  30  Degrees  on  the  latter  to  lie  juft  over  6d.  30m. 
of  K  in  the  Ecliptic,  and  there  ftay  them  both. 

3?  Then  doth  the  Quadrant  of  Altitude  lie  right  againft  72ft. 
in  the  Horizon,  from  the  South  towards  the  £aft,  the  Sun’s 
Azimuth,  which  is  almoft  E.  S.  E.  §  E- 

4.  And  then  the  Hour  Index  Points  to  8  Hours  f  that  is 
45m  after  8  of  the  Clock  in  the  Morning. 

Prob.  Q. 
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Problem  17.  The  Latitude  of  a  Place*  the  Day  of  the  Month  and 
Sun's  A<um uth  given  -  to  fnd  bis  .Altitude,  and  Hour  of  the  Day. 
The  Rule.  1 .  Re&ifie  the  Globe,  Hour  Index,  and  Quadrant 
of  Altitude  as  before. 

2.  Turn  the  Quadrant  of  Altitude,  to  the  given  Azimuth 
in  the  Horizon,  and  there  ftav  it. 

3.  Then  bring  the  Sun’s  Place  in  the  Ecliptic  (keeping 
the  Quadrant  of  Altitude  fixed)  to  the  graduated  edge  there¬ 
of,  (which  is  alfo  before  fet  to  his  given  Azimuth)  3  and  (lay 
the  Globe  there. 

4.  And  then  doth  the  Ecliptic  cut  the  Quadrant  in  there- 
quired  Altitude,  and  the  Index  ihewetn  the  Hour  of  the  Day 
defired. 

Example.  At  Berbadoes  the  14th  of  February,  the  Sun's  Azi¬ 
muth  in  the  Afternoon ,  beingW,  S  W.  or  73  d.  South  defter  ly: 
I  demand  his  Altitude  and  Hour  of  the  Day  ? 

Anfw.  Gbfervir.g  the  forefaid  Directions,  and  turning  the 
Globe  and  Quadrant  of  Altitude  towards  the  Weft,  you  will 
find  the  Sun’s  Altitude  to  be  3od.  and  the  Hour  of  the  Day 
15m*  after  3  in  the  Afternoon. 

Problem  18.  T  he  Latitude  of  the  Place ,  the  Suns  Altitude ,  and  A- 
%imutb  given  -  to  find  his  Place  in  the  Ecliptic >  and  Hour  of  the 
Day. 

The  Rule,  i-  Reftifie  the  Globe  to  the  Latitude,  and  ferew 
the  Quadrant  of  Altitude  to  the  Zenith. 

2.  Turn  the  Graduated  Edge  of  the  Quadrant  of  Altitude 
to  the  given  Azimuth  in  the  Horizon,  and  there  ftay  it, 

3.  Turn  the  Body  of  the  Globe,  (without  ftirring  the  Qua¬ 
drant  out  of  it’s  Place)  till  the  Ecliptic  cut  the  Quadrant  in 
the  given  Altitude  3  which  will  then  cut  the  Ecliptic  in  the 

Sun’s  Place  required  ?  , 

4.  Then  turn  the  Sun’s  Place  to  the  Brafs  Meridian,  and 

ReCHfie  the  Hour  Index  to  12. 

j .  Turn  back  the  Sun’s  Place  to  the  graduated  o.  the 

Quadrant  (it  being  in  the  fame  Place  3  that  is  at  g'Vi>n 

Azimuth  as  before)  and  then  the  Index  will  (hew  the  Hour 

of  the  Day  required?  ,  .  , 

Note  3  In  turningthe  Globe  according  to  the  tmrd  ftep  m 
this  Rule,  the  given  Altitude  in  the  Quadrant  will  Cut  th eEchf 
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tic  into  two  feverai  Signs,  and  yet  the  Hour  of  the  Day  fought 
by  the  Fourth  Step,  will  be  the  lame  $  fo  that  uniefs  theMonth 
be  given,  the  Surds  Place  cannot  be  determin’d. 

Example.  At  London,  in  0£lober,  the  Sun’s  Altitude  being 
20 d.  and  his  Azimuth  S.  E.  or  45 d.  South  Eafterly  :  /  demand  his 
Place  in  the  Ecliptic ,  and  the  Hour  of  the  Day  ? 

An  fiver.  The  Sun  s  Placets  i?,A.  30m.  in  s2s,  and  its  ym  after 
p  in  the  Morning,  the  5th  of  OBober  at  London,:  Alfothe  Sun’s 
Altitude  and  Azimuth  being  the  lame,  his  Place  may  be  6d„ 
30m.  in  X,  and  the  Hour  the  fame,  the  14th  of  February. 

Note  ;  All  thefe  Problems  may  be  wrought*  having  the  Sun’s 
Declination  given,  inftead  of  the  Day  of  the  Month,  which 
rnay  be  feen  in  the  next  Problem* 

Prob.  19.  The  Latitude  of  a  Place ;  the  Declination f  and  Altitude 
of  the  Sun  gtven^  to  find  his  ATimutb ,  and  Hour  o  f  the  Day . 

The  Rule,  r.  Redtifie  the  Globe  to  the  given  Latitude,  and 
the  Quadrant  to  the  Zenith  as  before^ 

2.  Bring  the  Equinoctial  Coiure  to  the  Brafs  Meridian,  and 
then  fet  the  Hour  Index,  to  the  upper  £2  5  which  is  Re&ifiying 
it  when  the  Declination  is  given. 

3  Move  bothGlobe  andQuadrant  of  Altitude,  till  the  given 
Altitude  on  the  latter  meet  with  the  given  Declination  in  the 
Equino&ial  Colure  on  the  former,  and  there  ft  ay  them  both. 

4.  Then  doth  the  Quadrant  cur  the  Horizon  in  the  Sun’s  A- 
zimuth,  and  the  Index  fheweth  the  Hour  of  the  Day  required* 
Alfo  at  the  fame  time  the  Brafs-Meridian  cuts  the  Equinoctial 
in  fo  many  Degrees  ( counting  from  the  Colure,  allowing  1 5 d. 
to  an  Hour)  as  the  required  Hour  of  the  Day  is,  either  before 
or  after  Noon- 

Examp.  At  London,  the  Sun’s  Declination  being  15 d.  Northy 
and  his  Altitude  19  d.  30  m.in  the  Adorning:  I  demand  his  Azimuth^ 
and  Hour  of  the  Day  ? 

Anfw.  The  Sun  is  Eaft,  and  the  Hour  52m.  after  6  of  the 
Ch>ck,  or  7  yd,  of  the  Equinoctial  is  intercepted  between  the 
Colureand  Brafs  Meridian;  which  makes  5b.  8m.  from  Noon, 
at  which  time  the  Sun  is  Weft  in  the  Afternoon. 

In  like  manner  may  any  of  the  preceding  Problems  be 
wrought,  obferving  thefe  following  General  Directions* 

1.  Count  the  Latitude  on  the  Brafs  Meridian. 

2.  The  Declination  on  the  Colure  from  the  EquinoCHal,  ei¬ 
ther  Northward  or  Southward,  according  to  its  Name. 

3.  The  Altitude  on  the  Quadrant  of  Altitude- 


4.  The 
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4\  Azimuth  in  the  Horizon,  from  the  Bafs  Meridian 
to  the  Quadrant. 

5.  And  the  Hour  (from  Noon  in  Degrees)  on  the  Equl- 
no&ial,  from  the  Equinoctial  Colure  to  the  Brafs  Meridian 
Then  having  any  Three  of  thefe  Five  given,  the  other  two 
may  be  found,  which  I  leave  for  the  Learners  Exercife. 

,  No*e>  £11  the  Agoing  Problems,  may  be  wrought  on  ei¬ 
ther  Globe  5  but  the  following  only  on  the  Cosleftiai Globe. 

Prob.  20.  To  find  the  Declmationyand  Right  Afcenfion  of  a  Star,' 


The  Rule  1.  Bring  the  given  Star  to  the  Brafs  Meridian  and 
there  ftay  the  Globe. 

.  1;  Then  the  Center  of  the  Star  cuts  the  Brafs  Meridian  In 
its  Declination,  counted  from  the  Equino&ial  either  North¬ 
ward,  or  Southward. 

9.  And  the  Brafs  Meridian  cuts  the  Equinodial  in  its  Right 
Afcenfion,  counted  from  the  beginning  of  T  according  to  The 
Succefion  of  the  Signs. 

Example.  I  demand  the  Right  Afcenfion^  and  Declination  of  AT 
debaran,  cr  Oculus  Tanti  the  Bull's  Eye  ? 

Anfiver.  According  to  the  DireCfion  above,  you  will  find  Its 
Right  Afcenfion  6$d.  03m.  and  its  Declination  near  ijd-  5  srd 

North, 


P roblem  -21.  To  find  the  Latitude  and  Longitude  of  a  Star* 

The  Rule.  1.  Bring  the  Solflitia!  Golures  to  the  Brafs  Meri¬ 
dian,  that  the  Pole  of  the  Ecliptic  on  the  Globe  may  bejuR 
under  23d.  30m,  on  the  faid  Meridian,  and  there  fix  the 
Body  of  the  Globe. 

2.  Screw  the  Quadrant  of  Altitude  jufl  over  the  Pole  of  the 
Ecliptic. 

3.  Bring  the  Graduated  Edge  of  the  Quadrant  to  the  Cen¬ 
ter  of  the  Star,  and  there  flay  it. 

4.  Then  the  Star  cuts  the  Quadrant  in  its  Latitude,  and 
the  Quadrant  cuts  the  Ecliptic  in  its  Longitude. 

Example  I  demand  the  Latitude  and  Longitude  of  ArClurus  d 
Star  of  the  firfi  Magnitude  in  the  Confiellation  Bootes* 

Anfwer,  This  Star’s  Latitude  is  3od.  57m  North,  and  it’s 
Longitude  aod.  24m.  in  t£,or  2ocd  24m.  from  the  beginning 
of  T  j  and  fo  for  any  other,  as  in  the  following  Table. 

M  Prob- 
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Problem  22-  7o  find  the  Rifingy  Settings  and  Culminating  of  a  Star 

at  any  Timet  in  any  Latitude . 

The  Rule  1,  Re&ifie  the  Globe  and  Hour- Indexes  in  Proh  10. 

2.  Bring  the  Star,  (whofe  Rifing  you  would  know)  to  the 
Fall  Part  of  the  Horizon,  and  then  the  Index  will  point  to  the 
Time  of  its  Rifing:  Alfo  the  Degree  of  the  Horizon  againft 
the  Star,  is  its  Amplitude  at  Rifing. 

5 .  Bring  the  Star  to  the  Brafs  Meridian,  and  the  Index  will 
fliew  the  "time  of  its  Culminating  for  coming  to  the  Meridian) 
Alfo  the  Degree  on  the  Brafs  Meridian,  contained  from  the 
Horizon  to  the  Star,  is  its  Meridian  Altitude. 

4.  Bring  the  Star  to  the  Weft  part  of  the  Horizon,  and  then 
the  Index  will  fhew  the  Time  of  its  Setting:  Alfo  againft  the 
Star,  on  the  Horizon,  is  its  Amplitude  at  Setting,  which  is 
ever  the  fame  Quantity  as  at  Rifing, 


This 
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This  is  fo  cafy  to  perform,  and  io  often  done  in  the  problems 
concerning  the  Sun,  it  needs  no  Example.  -  ' 

•  ■  « 

Problem  2  3.  To  know  at  any  time  what  Sears  are  above  the  Horizon, 

either  fifing  towards  the  Meridian ,  or  falling  from  it)  towards  their 

Setting,  aljo  what's  their  Altitude  and  Azimuth . 

The  Rule.  i.  Reflifie  the  Globe,  Hour-Index  and  Quadrant 
of  Altitude,  as  before  in  Problem  io, 

2.  Turn  the  G’obe  Mil  the  Hour  Inde£  point  to  the  given 
Time  of  the  Day  or  Night  $  and  there  (lay  the  Globe. 

9.  Then  obferve  what  Stars  are  even  with  theEaft  part  of 
the  Horizon,  thofe  are  then  Riling  •  and  all  thole  that  are  be- 
tween  the  Horizon  and  the  Eaft  fide  of  the  Meridian,  are  rifen 
above  the  Horizon,  and  are  rifing  towards  the  Meridian. 

4-  Alltl^fe  Stars  near  the  Brafs  Meridian,  arethen  near 
the  Meridian  of  that  Place  y  and  thofe  at  the  Brafs  Meridian 
are  then  on  the  Meridian  of  that  Place. 

5.  If  the  Quadrant  of  Altitude  be  put  to  any  Star,  it  will 
fhew  its  Altitude  at  that  Time  and  Place,  and^  in  the  Horizon 
the  Quadrant  fhews  its  Azimuth. 

6.  All  thole  Stars  on  the  Weft  fide  of  the  Meridian  are  fal¬ 
ling  from  it  towards  their  Sitting  ;  thofe  near  the  Horizon  are 
Setting,  and  thofe  below  the  Horizon  are  Set. 

In  a  Word,  let  the  Globe  (by  help  of  a  Magnetical  Needle,  or 
Compajs ,  or  otherwifej  be  fet  fo,  as  the  North  Point  of  its  Ho¬ 
rizon  may  point  to  the  true  North  in  the  Heavens,  and  the 
South  Point  to  the  South}  then  imagine  your  eye  plac’d  with¬ 
in  the  Globe  at  its  Center,  and  that  theGlobe  were  tranfparent, 
or  fuppofing  a  fmall  round  hole  thro’  the  Cenrer  of  any  Star, 
now  )  our  Sight  paffing  through  it,  will  dire6l  to  the  Starin  the 
Heavens  correfpondant  to  that  on  the  out  fide  of  the  Globe. 

Th  is  being  Mathematically  well  confider’d,  will  make  the 
Uje  of  the  Globes  eafy,  and  very  much  conduce  to  the  Know¬ 
ledge  of  the  Stars,  a  Thing  not  a  little  neceftary  in  Navigation , 
but  too  much  negledled  by  moil  Mariners , 

Problem  24.  To  find  the  Hour  of  the  Night  by  the  Altitude  of  a 

known  Star . 

The  Rule  r.  Re 61  i fie  the  Globe,  Hour  Index,  and  Quadrant 
of  Altitude,  as  before  in  Problem  10. 

2.  Turn  the  Globe  and  Quad  rant  of  Altitude  till  you  bring 
the  Star  againft  its  given  Altitude  in  theQuadrant,  and  there 
flay  them,  '  Ms  3.  Then 
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3.  Then  will  the  Index  fhew  the  Hour  required  3  and  the 
Quadrant  will  cut  the  Horizon  in  the  Star’s  Azimuth. 

Notey  If  the  Star  you  obferve  be  on  the  Eaft  fide  of  the 
Meridian^  then  turn  the  Quadrant  of  Altitude  on  the  Eaft  fide 
of  the  Brals  Meridian  of  the  Globe:  And  if  on  the  Weft-fide, 
turn  the  Quadrant  alfo  on  the  Weft  fide. 

Example*  At  London,  December  the  12 th  the  Altitude  of  Re- 

gulus,  or  the  Lion5*  Heart,  being  25 d*  30 m,  Oriental ,  or  on  the 

E aft  fide  of  the  Meridian  :  I  demand  the  Hour  of  the  Night  ? 

Anpw.  According  to  the  aforefaid  Rule,  the  Hour  is  near 
50m.  after  10  at  Night,  and  the  Star’s  Azimuth  7 8d.  30m. 
South  Eafterly,  or  Eaft  by  South  neareft. 

So  much  for  the  Ufeof  the  Globes ,  which  Is  gone  far  beyond 
It’s  firft  defigned  Limit,  occafioned  by  a  conftant  Refolution 
to  be  plain.  * 

And  by  the  Way,  let  me  advife  thofe  who  have  not  Con- 
venierxy  for,  nor  Ability  to  purchafe  Globes ?  and  yet  would 
know  the  Stars,  they  may  attain  it  with  a  pair  of  Hemifpheres, 
wherein  are  all  the  Conftellations$and  each  Star  according  to 
its  Longitude  and  Latitude  placed  in  them:  fuch  are  made 
of  near  20  Inches  Diameter,  to  fold  in  a  Book  ,  like  a  Sea- 
Chart,  in  4  leaves^tbey  are  projected,  on  th ePlamof  tbeEcliptic> 
or  as  Lome  fay,  on  the  Poles  oj  the  Ecliptic  :  So  that  in  one  He¬ 
rn  if  ph  ere  (which  is  one  Leaf)  you  have  all  the  Gonftella- 
tions  on  the  North-fide  of  the  Ecliptic,  and  in  another  all 
the  Southern. 

The  Poles  of  the  Ecliptic \s  the  Center  of  each  Hemifphere, 
and  the  Margent  going  round  them  is  the  Ecliptic,  being  di- 
vided  into  the  12  Signs,  and  each  Sign  into  30  Degrees,  each 
Degree  being  fubdivided  into  Halves  and  Quarters;  And 
Lines  d  rawn  from  the  Center  (or  Pole  of  the  Ecliptic)  to  the 
beginning  of  each  Sign. 

On  one  of  thofe  Lines  is  placed  the  Degrees  of  Latitude, 
and  mimbred  from  the  Ecliptic  with  10,  20,  &V.  to  £o>  at 
the  Pole  and  Center  of  k. 

By  thefe  Hemifpheres  any  of  the  former  P roblems( wrought 
on  the  Ccsleftial  Globe)  may  befolved  :  As  for  Inftance  3 
Tofad  the  Longitude  and  Latitude  "of  a  Star. 

The  Rule'  1.  Stretch  out  the  Silk-String  (faftned  in  the  Center 
for  that  purpofe)  over  the  Center  of  the  given  Star,  and  it 
ibeweth  or  cutteth'the  Star’s  Longitude  in  the  Ecliptic. 

2  .With 


1 
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a-  With  a  Pair  of  CompafiTes  take  the  Difiance  from  the 
Center  of  the  Star  to  the  Center  of  the  Hemifphere  s  ky  that 
Dtftance  on  toe  Scale  of  Latitude  from  the  Center  of  the  He- 
milphere,  and  it  will  /hew  the  latitude  required 

.  E*a“fe  U°‘  Prl‘  °frh,e  Cr0fierS>  aStar  ofthfeccnd  Magnitude 

the  South‘g  dlcmifphere,  W«  Robur  Carolinum,  and 
^entaurus  :  I  demand  its  Latitude  and  Longitude  ? 

i  t^e  like  Silk  String  over  the  Star’s  Center,  it  cuts 

the  Ecliptic  in  11{  8d.  the  Star’s  Longitude. 

2.  Take  the  Star’s  Diifance  from  the  Center  of  the  Hen?h 
ipnere  meafure  it  on  theSolfiitial  Colure,  from  thefaidCen. 
ter,  and  it  reacheth  to  53d,  10m.  the  Star’s  Latitude  South. 

.  1  nereare  arawn  in  thefe  HemifpherestheEquinoflial.Tro. 
pics,  Polar  Urcles,  and  Poles  of  the  World  ;  all  which  are 
deicribed  by  their  Names  fet  to  them:  More  Circles  may  be 
drawn,  and  are  of  Ufe  in  folving  other  Problems ;  which  fhall 
be  ihcwed  arterthe  Problems  of  sFlronomy,  • 


CHAPTER  VIE  spheric  Trigonometry ,  applied  in 

Problems  of  Geography. 

BErflre.ltrMt.of  Great  Circle-Sail  wg5  jt  s  not  ami fs  to  difcourfe 
,  ,  lon-cth,flg  in  Geography  •  and  fora  more  diftina  Know- 

.S,  tpfr5°f’.  ta^e  ^efe  toil  owing  Definitions  and  Problems. 

oeie  Definitions  are  much  the  fame  as  before,  in  Chapter  4. 
of  UercatoP ^Sailing,  in  Page  82.  f  < 

SeaiOH  I.  Geographic  Definitions.  Plate  5.  Figure  r. 

1  *  j[  ^  fayth  Co**  which  we  dwell)  together  with  th eWater 

•  c  1  rr!a^:e;5  0Ije  rouod  Body  or  Globe*  which  is  the  Sub¬ 
ject  of  Geography . 

2.  The  Poles  of  the  Earth,  are  two  imaginary  Points,  dlrecT- 
ly  oppofite,  upon  the  Surface  of  if  *  that  in  the  North,  called 
toe  Lsortn  P0le5  and  that  in  the  South  called  the  South  Poles 
As  I  and  1.  Plate  5.  Figure  u 

3.  ihe  Lquator,  or  Line  under  the  EqidnoWial,  is  a  Line 
drawn  round  the  Globe,  and  lieth  in  the  middle  between  both 
teles  cutting  all  Meridians  at  Right  Angles 5  is  a  Great  Circle 
from  which  Latitude  takeeh  it’s  beginning,  and  in  whichLor*- 
gitude  is  reckon’d,  as  M&Q-  Plate  y,  Figure  1. 

.  4*  Meridians  are  great  Circles  drawn  thro’  hoth  Poles ,  cuf¬ 
fing  the  Equator  d  t  Right  Angles,  as  PQI,  PA  l  and  PM  I 
anfwerable  to  thenoj  are  the  North  and  South  Lkss  drawn  in. 
any  Chare.  M  ?  • 


c  P  ... 

/  >  L-  -C 
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5'  Parallels  of  Latitude,  are  lefter  Circles  drawn  Parallel  to 
the  Equator;  thro’  every  Degree  and  Minute  of  the  Meridian 
between  the  Equator  and  each  Pole  a  salt  and  Z  l  ty  and 
are  reprelented  in  any  Chart,  by  the  Eaft.,  and  Weft  Lines 
therein. 

6.  Latitude ?  is  an  Arch  of  a  Meridian,  contained  between 
any  Parallel,  and  the  Equator,  from  whence  it  is  counted 
both  ways  to  each  Pole,  where  it  ends  in  90  Degrees,  which, 
is  the  greateft  Latitude, 

7 .  North  Latitude,  is  on  that  Side  of  the  Equator  towards 
the  North  Poie%  and  South  Latitude ;  towards  the  South  Pole, 

S,  Dfference  of  Latitude ,  is  an  Arch  of  a  Meridian,  and  the 
neareft  Diftance  between  any  two  Parallels,  and  fheweth  how 
fir  any  Place  is  to  the  Northward  or  Southward  of  another 
Place,  and  never  exceedeth  180  Degrees- 

9*  Longitude ,  is  reckon’d  in  the  Equator,  round  which,  *n- 
creafing  to  the  EaPrward  it’s  counted  (by  fome)  till  it  end 
(where  it  firft  began)  in  3 60  Degrees,  which  is  the  greateft 
Longitude:  Or,  according  to  Mr.  JVakfly  in  his  Mariners 
Cqm'pafs  Rettifted)  it’s  counted  from  the  Meridian  of  London^ 
increafing  on  both  fides  of  if,  Eaftward  and  Weftward,  till 
it  terminates  in  180  Degrees,  at  the  oppofite  Meridian. 

10.  Longitude  of  a  Place  t  is  an  Arch  of  the  Equator  contain’d 
between  the  Meridian  of  that  Place,  and  the  Firft  Meridian 
^here  Longitude  taketh  its  beginning,  and  counted  (by  the 
old  Way)  to  the  Eaftward  of  the  Firft  Meridian,  but  (by  the 
new  Way)  it’s  counted  both  Eaftward  and  Weftward,  from 
the  Meridian  of  London:  which  in  this  Account  is  the  Merb 
djan,  whence  Longitude  taketh  its  Beginning. 

1 1.  Difference  of  Longitude ,  is  an  Arch  of  the  Equator,  con¬ 
tained  between  the  Meridians  of  any  Two  Places,  and  never 
exceedeth  180  Degrees. 

12.  The  Diftance  of  any  two  Places ,  is  an  Arch  of  a  Great 
Circle ,  paifing  thro’  them  3  and  never  exceedeth  180  D(giees 

13.  The  An^le  of  Pofitiont  or  theAngle  of  Scituation  of  Places^ 
is  an  Angle  the  Arch  of  a  Great  Circle  paiftng  over  two  Pla¬ 
ces,  makes  with  the  Meridian  of  one  of  them,  and  is  not  the 
Courfe  leading  from  one  to  the  other 

In  finding  the  Diftance  of  Places ,  there  are  3  Cafes:  As  (f.) 
when  they  differ  only  in  Latitude ;  (2.)  when  they  differ  only 
in  Long’tude  *  and  ( 3.)  when  the  two  Places  differ  both  inLati- 
tude  and  Longitude  3  all  which  are  performed  by  the  following 

Problem*  '  Sedio^ 

*  •«  r  v  '  9  ■*-  *  •  s  * 
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Cafe  i*  Two  Places  differing  only  in  Latitudegiurw  •  to  find  their 

Di  fiance. 

L* ote  1  ijj *>{"0  Places  under  one  Meridian  or  bearing  North 
and  South  from  each  other,  or  in  one  Longitude, 
are  faid  to  differ  only  in  Latitude* 

2.  Two  Places  differing  only  in  Latitude,  the  Difference  of 
Latitude  is  the  Diftance  required  :  In  which  there  are  two 
Varieties. 

Variety  1.  Problem  j.  Two  Places  both  on  the  fame  fide  of  the 
Equator,  that  is ,  both  in  North,  or  both  in  South  Latitude  3  to  find 
.their  Difiance  * 

The  Rule.  Subtract  the  leffer  Latitude  from  the  greater,  the 
Remainder  (reduce  into  Leagues  or  Miles)  is  the  Diftance  re¬ 
quired; 

Variety  2.  Problem  2*  If  one  Place  be  on  one  fide  of  the  Equator  , 
the  other  on  the  other  fide  3  that  is ,  one  in  North  Latitude ,  and  the  0- 
tber  in  South  Latitude  3  to  find  their  DiHance 

The  Rule.  Add  the  two  given  Latitudes  together,  the  Sum 
(reduce  into  Leagues  or  Miles  is  the  Diftance  required, 
Thtffe  are  fo  eafy,  it’s  neediefs  to  give  Examples,  being  the 
fame  you  had  in  Chapter  3.  Sebhon  3.  General  Rule  2.  in  Plain 
Sailing,  in  page  58. 

Cafe  2,  Tito  Places  differing  only  in  Longitude  given  ;  to  find 
their  Difiance.  ' 


N»teh  Two  Places  differing  only  in  Longitude  lie  Eaft  and 
V/eft  from  each  other,  and  are  either  in  the  Equator  orelfe 
in  one  Parallel  of  Latitude* 

In  this  Cafe  are  two  Varieties. 

Cafe  2,  Variety  r.  Problem  3  Two  Places  in 'the  Equator , 
their  Longitudes  being  given  3  to  find  their  D fiance. 

The^Rulc,  i;  According  to  the  old  Way  of  counting  the 
Longitude,  fubtrafl  the  leffer  Longitude  from  the  greater,  the 
Remainder  {if  lefs  than  180  Degrees)  is  the  Diftance  requir'd} 
But  when  ’tis  more,  fuhtraft  it  from  360  Degrees  and  this  laft 
Remainder  is  the  Diftance. 

2.  According  to  the  NewWay  of  counting  the  Longitude  in 
the  Mariners  Compafs  ReShfied ,  the  Rule  is  thus  ; 

If  both  Long  be  Eaft,  or  bothWeft,  fubtrafl  the  lefftrfrom 
the  greater,  the  Remainder  is  their  Diflance:  But  when  one  is 
in  Eaft  and  the  other  in  Weft  Long,  add  them,  and  theSum 
(if  it  exceed  not  i8od.)  is  the  Dift,  and  when  it  doth  exceed 

M  4  ^8ocfe 
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180  Degrees  fubtracl  it  from  3^0  Degrees,  the  Remainder  is 
the  Diftance  required,  which  is  the  fame  as  in  Chapter  4.  Seftion 
2.  Problem  3.  Page  89  of  Mercator’s  Sailing 4 

Cafe  2 o  Variety  2.  Problem  4*  Two  Places  in  one  Parallel ,  or 
both  in  one  Latitude^  their  Longitudes  being  given  to  find  their 
Dflance,  • 

Example.  1  demand  the  diHance  between  the  Lizard  and  Pen- 
gwm  Ifland  in  Newfoundland  ? 

dm.  dm 

IJtindl  Latitude  5C  00  N.  Longit. 

§ubtraffi  from.-— ^0  co  Diff.  Lon.  47  46' 

Rem.  is  Comp,  Lat.— — 40  00 

Thefe  Places  fuppofed  both  in  the  Latitude  of  5od.  oom. 
North,  whofe  Complement  is  4od.  oom. 

To  delineate  this  Problem  Sterographically  on  the  Plain  6f 
the  Meridian  of  the  Lizard,  Plate  5.  Figure  ia 

1  Defcribe  the  Circle  M  PQJ,  with  a  Chord  of  60  deg. 
pr  Half  Tangent  of  90  Degrees,  and  Quarter  it,  with  the  two 
Diameters  or  Right  Circles  PAI,  and  Ji  AQ  :  Then  is  P  the 
North  fo’e,  I  the  South  Pole,  and  iEAQgthe  Equator. 

2.  By  Problem  2.  Cafe  2.  Page  112  of  Spheric  Geometry  make 
the  Angle  AEPN  equal  to  47d.  45m.  ( theDiflerence  of  Longi- 
tiidr)  by  drawing  the  Oblique  Circle  P®N1>  with  the  Secant 
thereof. 

3«  Make  PZ  equal  to  4od.  oom.  (the  Complement  of  the 
iven  Latitude)  by  Prob,  6. Cafe  1.  Page  116  of  Spheric  Geometry • 

4,  Through  Z  draw  the  Parallel  Circle  Z  (?)  It  (by  Problem 
5),  Caje  2.  in  Page  121  of  Spheric  Geometry ,)  with  the  Tangent 
of  40 d,  oom.  (the  Complement  of  the  given  Latitude,}  to  cut 
the  Oblique  Circle  P®N1  in  ®  :  Then  Zreprefents  the  Li¬ 
zard,  and  @  Penguin  Ifland ,  both  in  one  Parallel  of  Latitude. 

5,  Then  through  Z  and  0,  draw  a  great  Circle,  as  is  the 
Oblique  Circle  Z®C,  and  its  done  ?  for  Zi®  on  the  Oblique 
Circle  is  the  Biflance  required,  which  is  meafured  by 
Problem  7.  Cafe  3.  in  Page  118  of  Spheric  Geometry. 

To  find  their  Di fiance  by  Trigonometry ,  his  to  be  noted  ; 
That  in  the  Oblique  SphericTriangle  ZP®,  Plate  5 %Fig  i# 
1  The  Side  ZP  equal  to  P©  is  the  Comp,  of  the  Lat,  4od.  oom. 
2.  The  Angle  ZP  ©  the  Difference  of  Longitude. 47(^4601. 

3.  z 
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5.  The  Side  Z0  the  Di$ance  of  the  two  Places  ;  which  to 
find,  let  fall  the  PerpendicularPB(by  drawing  an  Oblique  Cir¬ 
cle  with  the  Secant  of  2^.5301.  half  the  (given)  Difference  of 
Longitude  to  cut  the  Oblique  Circle  Z  g>  in  B)  and  it  di¬ 
vides  the  Oblique  Spheric  Triangle  into  two  equal  Re£fan» 
gle  Spheric  Triangles  PBZ  and  PB0,in  each  the  Hypotenufe* 
and  one  Angle  is  given. 

1.  The  Angle  Z  P  B  equal  to  B  P  is  half  the  Difference 
Longitude,  23d.  53m. 

2.  The  L.eg  ZB  equal  to  B®  ?  is  half  the  Diftance  required. 
Therefore  the  Proportion  by  Chapter  5.  SeBion  4.  Problem  2. 

Caje  4.  in  page  1^6-  of  ReBangular  Spheric  ' trigonometry ,  is  thus  - 
As  Radius,  is  to  the  Sine  Complement  of  the  Latitude;  lo 
is  the  Sine  of  half  the  Difference  of  Longitude,  to  the  Sine  of 
half  theft  Diftance  required.  But  in  fhort  thus, 

As  Radius  ..  S.Hypot.  PZ : :  %  Angle  ZPB  ••  S.Leg  ZB  f  the  Diff 
As  S.  pod-  ••  S  4od.oom. :  :  S  23d.  53m  ••  1 5d.  05m, 

Which  being  doubled  makes  the  Diftance  3od.  10m*  or  1810 
Minutes,  which  is  the  Diffance  between  the  Lizard  and  Pen - 
gwin  Ifland,  in  the  Arch  of  a  Great  Circle.  / 

Problem  5.  To  find  how  many  Miles  or  Minutes  of  the  Equator  ma\e 
a  Degree  of  Longitude  in  any  Parallel  of  Latitude . 

The  Rule,  or  Proportion  is  3 

As  Radius,  is  to  60  Miles  or  Minutes  a  Degree  of  the  E- 
quator. 

S o  is  the  Sine  Complement  of  the  Latitude,  to  the  Miles  \ 
or  Minutes  of  the  Equator,  which  makes  a  Degree  of  Longi¬ 
tude  in  the  Parallel  required. 

Example.  How  many  Miles 'mill  make  a  Degree  in  the  Latitude 
©/London- 

As  Radius  ••  S.c.Lat. ::  a  deg.  in  the  Equa,  a  deg.  in  the  Par. 
AsS,  pod.  ..  S.  38d.  28m  ::  60  Minutes  ..  Min.  37.  32  Parts 
The  Miles  of  the  Equator  that  make  a  Degree  of  Longitude 
in  the  Latitude  of  5  id  32m. 

Cafe  9.  Two  Places  differing  both  in  Latitude  and  Longitude ,  their 
Latitudes  and  Longitudes  being  given  3  to  find  their  Difiance . 
Note,  In  this  Cafe  are  three  Varieties- 
Vaiiety  1.  Problem  S .  One  Place  in  the  Equator f  and  the  other 
towards  either  of  the  Poles . 

Example*  Suppofe  the  Lizard  and  the  Entrance  cf  the  River  A- 
mazones,  their  Latitudes  and  Longitudes  being  as  fqlloweth :  / 
demand  their  Dijiance  ?  Lizard 
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Amaz.  Riyer  S  L,a  *  | 
Difference  Gf  Longitude 


42  .43 


To  Delineate  it  Stertographically  on  the  Plain  of  the  Meri¬ 
dian  of  the  Lizard,  Plate  5.  Figure  1. 

1.  *1  he  Circle  being  defcribed,  and  quarterd  as  before,  in 
Problem  4.  makeiEZ  on  the  Primitive  Circle  equal  to  jod 
com;  the  Latitude  of  th e  Lizard,  by  Problem  6.  Caje  t.  in  page 
116  of  Spheric  Geometry 

io  By  the  fame  Problem ,  Caje  2,  lay  42d.  40m,  the  given  Dif¬ 
ference  of  Longitude,  on  the  Right  Circle  A£aQ  ( which  is 
the  Equator,)  that  is,  take  the  Half-Tangent  42d  40m.  the 
contrary  Way,  and  lay  it  from  ,/EN. 

$•  Then  through  Z  and  N  draw  a  Great  Circle,  as  is  the 
Oblique  Circle  ZNC,  andit’sdone:  For  ZN  (meafured  by 
Problem  7,  Caje  3,  in  page  118.  of  Spheric  Geometry )  is  the 
Diftance  required. 

But  to  find  their  Diftance  by  Trigonometry.  Obferve, 
That  in  the  Re£hmg!e  Spheric  Triangle  ZiEN.  Plate<\„ 
figure  1. 

/.  The  Leg  Z M  is  the  Latitude  of  the  Lizard,  5od.  00m. 

2.  The  Leg  Mbi  the  Difference  of  Longitude  between  them 

42 d.  40m.  '  , 

3.  The  Hypotenufe  ZN  their  Diftance  required:  to  find 
which  (by  Chapter 5.  SeBion  4.  problem  5-  Caje  14  in  page  140.  of 
J^eBangular  Spheric  Trigonometry)  the  Proportion  is  thus: 

As  Radius  is  to  the  Sine  Complement  of  the  Litard  Latit* 
So  is  the  Sine  Complement  of  their  Difference  of  Longi¬ 
tude  j  to  the  Sine  Complement  of  their  Diftance  required. 
But  in  fhort  thus. 

Radius ..  S.c  LcgZiE : :  S  c  Leg  JEN  *•  S.c.  Hypot.Z'N  the  D//?. 
S.9od».»S  4od.oom, :  4yd  20m.  28d.  12m.  whofe 

Complement  is  61  d  48m.  equal  to  3708  Minutes  is  the  Di- 
.  fiance  between  the  Litard  and  River  Amazoms. 

Cafe  3.  Variety  2 .  Problem  7.  Tuo  Places  lying  towards  one  of  th 4, 
Poles'  that  is  both  in  North  Latitude,  or  both  in  South  Latitude, 
their  Latitudes  and  Longitudes  being  given:  to  find  their  Diftance. 
Example  l  demand  the  Diftance  between  the  Lizard  and  ijland 
Barbados 

■’  ’  7  1  >  _ .  , 


Lfitard} 


( 
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Difference  of  Longitude—- «— *  — - -  51  .  ’ 

To  Delineate  this  Stereographicallyy  on  the  Plain  of  the  Me- 

ridian  of  the  Lizard. 

1.  Having  defcribed  the  Primitive  Circle,  and  quarter  d  it 
as  before,  make  the  Angle  AiPM  by  Problem  2.  Cafe  2.  lx}P^>e 
II2»  of  Spheric  G eometey^  equal  to  52C^  30m*  tne  given  Dine* 
rence  of  Longitude,  by  drawing  the  Oblique  Circle  PA/II  with 

the  Secant  thereof.  v 

2.  On  the  Primitive  Circle  (by  Prob.  6f  Cafe  i.in  page  1 J 6. 
of  Spheric  Geometry )  make  PZ  equal  to  4od*  oom.  the  Com¬ 
plement  of  the  Lizard  Latitude,  by  having  the  Chord  thereof 

from  P  to  Z.  ,  , ,  n  r 

3.  Draw  the  Parallel  Circle  a  L  l  t  (by  Problem  9,  Cafe  2.  in 
Page  121  of  Spheric  Geometry)  sit  i;d.  oom.  ( Batbadoes  Lati¬ 
tude)  Diftance  from  the  Right  Circle  J3A.Q^thc  Equator,  to 

cut  the  ObliqueCircle  PMI  in  L. 

4.  Then  thro’  Z  and  L  draw  a  Great  Circle,  as  the  Oblique 
Circle  ZLNC  and  its  done :  for  ZL  ( meafured  by  Problem  7. 
Cafe  3.  in  page  1  s  3  of  Spheric  Geometry)  is  the  Diftance  required. 

But  by  Spheric  Trigonometry,  to  find  their  Difiance,  it  is 

to  be  noted.  _  ¥  . 

That  in  the  Oblique  Spheric  Triangle m  ZPL.  Plate  5,  Figure  1.  ^ 
jo  The  fide  PZ  is  the  Comp,  of  the  Lizard  Lat.  4od  oom. 

2.  The  Side  PL  the  Comp,  of  Barbadoes  Lat.  7  7 d.  oom. 

3.  The  Angle  ZPL  their  Difference  of  Longit.  5 2d.  30m. 

4.  The  Side  ZL  their  Diftance  required 

To  (find  which,  hy  Chapter  y  Settion  y  Problem  9.  faje 
in  page  j 45.  of  Spheric  Trigonometry  Oblique)  The  Rule  1S» 

Firft  As  Radius  is  to  the  Sine  Complement  of  the  1  e 
rence  of  Longitude  •  So  is  the  Tangent  Complement  of  the 
greater  Latitude,  To  the  Tangent  of  a  kourth  Arc  - 
"  Which  being  fubtrafted  from  the  Complement  ot  the 
leffer  Latitude;  when  the  Difference  of  Longitude  is  lets 
than  90  Degrees,  but  when  more  than  90  Degrees  rom 
its  Supplement  to  180  Degrees,  the  Remainder  is  the  * 

Ldual  Arch.  Then.  r 

Secondly ,  As  the  Sine  Complement  of  the  Fourth  Arch  atore- 

found,  is  to  the  Sine  Complement  of  the  Ref  dual  Anb-,  So  is 
the  Sine  of  the  greater  Latitude,  to  the  Sine  Complement  ot 


t, 
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the  Diftance  required.  But  in  fhort,  as  follows  • 

AsRadius  ••  S.c.  Angle1  ZPL. : :  T.  Side  ZP  ••  T.  4  t’h  Arch  * 
AsS.9od...  S .pi  30m  : : T.4od.oom.  ..  T.a7d.  04m  which 
being  fubtra  died  from  the  Side  PL  77j  00m.  the 

Remainder  is  the  Refidual  Arch—-. - -43d.  5 6m. 

Then  again,  fay. 

As  S-c.  4th  Arch  ..  S  c.R efid  Arch  • :  S.c.  Side  ZP  ..  Sc.  Side  ZL 
As  o  6 2d.  56m.  ••  i.  4od.  04m, : :  S.  5od.  00m  ••  S.  3  3d  3  7m 
•  fhofe  Complement  5«d.  23m.  or  3383  Minutes,'  which 
*s  tne^liiiiance  from  ttic  Lizard  to  UIzndBarbardoes  in  the  Arch 
of  a  Great  Circle. 

Cafe  3.  Variety  3.  Problem  8.  Two  Places,  one  in  North  Lati- 
mde,  the  other  m  South  Latitude  5  their  Latitudes  and  Longitudes 
given %  to  find  their  Difiance, 

Example.  I  demand  the  Diftance  from  Cape  Cod’/M  New-Enn- 
land,  to  Cafe  Bona  Efperance  or  Cafe  of  Good  Hope  in  Africa* 

„  „  ,  dm.  d  m.  ‘ 

LafeCod  \r  C  42  roN.J,  .  <6-1  45  \V 
C.Bon.Eff.f  'i 34  25  S- SL°Dgit‘l  i7  10  E 


Difference  of  Longitude  is 


84  5  5 


To  delineate  it  Sterografhically  on  the  Plain  of  the  Meridian  of 
Cape  Cod.  Plate  <yf  Figure  i. 

1.  The  Primitive  Circle  being  defcribed,  and  quarter’d  as 
before  direaed,  mahe  (by  Problem  2,  Cafe  2.  in  page  m  of 
Spheric  Geometry)  the  Angle  ^PM  equal  to  S4d.  55m/ the 
gi  ven  Difference  of  Longitude,  by  drawing  the  Oblique  Circle 
MI  with  the  Secant  thereof.-  But  the  Secant  is  fo  large  tha£ 
it  s  not  eafy  to  do,  therefore  in  fuch  Cafes,  lay  it  on  the  RGht 
Circle  iEMAQ,  the  Equator  (by  Problem  6.  Cafe  2.  in  Page 
liC  ol  Spheric  Geometry)  fromAE,to  M  tb  at  is  from  the  Scale  of 
Hair  Tangents  the  contrary  way;  and  laying  a  Bow  fcrew’d  up 
to  the  three  points  PM,  and  f,  draw  the  Oblique  Circle  by  it. 

2.  Oo  the  Primitive  Circle,  (by  Problem  6".  Cafe  t.  in  Page 

maKe  PZ  equal  to  4yd.  5003  the  Complement  of  Cape 
Lod  &  Latitude. 

3.  Draw  the  Parallel  Circle  a  D  !  t  (by  Problem  9.  Cafe  *. 
mfagt  82  Cat  34<Lj5m.  Cape  Bon  Efperance  Lat.  (or  diftance 
yomthen'ghtGrcle^A^beEquator)  to  cut  the  Oblique 
Circ.e  i  MI,  in  D,  repreienting  Cape  Bon- Eff  trance. 

„  4‘  !  h  rough  Z  and  D  ;  draw  a  Great  Circle,  as  the  Oblique 
u  .  Z’)C*  ansj*  lf’« done :  For  ZD  meafured  by  Problem  y.  Cafe 
3.  in  Pag,.  1 1  u  oc  Sfberic  Geometry )  is  the  Diftance  requir’d. 
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By  Spheric  trigonometry,  to  find  their  Dift.  it’s  to  beconfider’d 
Th«ln  ‘hf  °bl!clue  Spheric  Triangle  ZPD.  Plate  5.  hr.  i. 
*■  Jne  ®!l|e  PZ  is  the  Comp,  of  Cape  Cod’s  Latit.  47d.  50m. 

°e  1  L)  thediftance  of  Cape  Bon  Efperance  from  the 
North  Pole,  or  its’Latitude  added  to  pod.  that  is  124d.1t  5m. 
3  e  DPZ  their  Differ*  of  Longitude  S^d.  55m 

4.  The  Side  ZD  their  Difl,  required,  which  is  thus  found. 
By  Chapter  5.  SeBion  5.  Problem  9.  Cafe  8,  in  page  145,  of 
Spheric  Trigonometry  Oblique,  the  Proportions  are  thefe. 

Firft,  As  Radius,  is  to  the  Sine  Complement  of  their  Dif¬ 
ference  of  Longitude  ;  fo  is  Tangent  Complement  of  one  of 
the  given  Latitudes,  to  the  Tangent  of  a  Fourth  Arch.  Then, 
St  the  Difference  of  Longitude  be  lefs  than  pod.fubtraathe 
Fourth  Arch  out  of  the  other  Latitude,  added  to  pod.  but  if 
the  Difi.Long.  be  more  than  pod.  from  the  Supplement  there- 
of  to  iood.  tne  Remainder  is  the  Refidual  Arch,  And  then* 
Secondly.  As  theSine  Complement  of  the  Fourth  Arch,  is  to' 
the  Sine  Complement  of  the  Refidual  Arch  5  So  is  theSineof 
the  Latitude  firft  taken,  to  the  Sine  Complement  of  the  Di- 
flance  required.  But  in  fhort  thus  5 
As  Radius  ••  S.c  Ang  DPZ: :  T.  Side  PZ  ..  T.’4th  Arch. 

As  S.  pod.  S.  05d.  o5m,  : :  T.47d.  50m.  T.  5d.*35m.which 
bemg  fuhtrafledfrom  the  Side  PD - i24d  25m. 


u8d.  50m. 


The  Remainder  is  the  Refidual  Arch1 
Then  again  fay, 

S.c. 4th  Arch  ••  S^CsReJidual-sfrchi :  S.c.  Side  PZ  ••  $«c.  Side  ZD 
S^d.^m.  ••  S.  a8d  05m.  ; :  S^zd-iom.  ••  S.  i8d.  59m. 


Which  added  to 


pcd.  00m. 


The  Sum  is  the  Side  ZD  their  Diilance  —  io8d.  59m, 
Or  tf  599  Minutes  is  the  Diftance  from  Cape  Cod  to  Cape 
Bona  Efperance ,  in  the  Arch  of  a  Great  Circle. 


CHAPTER  VIII. 

Of  the  ‘Third  Part  of  Pjavigation,  or  the  UoElrine  of  Spheric 
trigonometry,  applied  in  Great  Circle-Sailing. 

feat  Circle  Sailing,  as  it’s  the  exafieft,  fo  it’s  the  ira* 
dimcult,  and  hardly  poffible  for  a  Ship  exaflly  to  Sail 
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by  3  yet  it  may  be  of  good  Advantage  to  keep  conveniently 
near  it,  efpecially  in  a  Parallel  (or  Eaft  and  Weft)  Courfe. 

2.  Great  Circle- Sailing,  is  Sailing  by,  or  upon  the  Arch  of  a 
Great  Circle,  pafting  thro’  the  Two  Places. 

5.  In  Great  Circle- Sailing,  are  but  Three  Cafes,  viz.  (1.) 
When  two  Places  differ  only  in  Latitude  3  (2  )  When  they 
differ  only  in  Longitude  3  and  ( 3.)  When  they  differ  both 
in  Latitude  and  Longitude. 

Cafe  I.  Two  Places  differing  only  in  Latitude,  their  Latitudes  gi* 

ven  3  to  fad  their  Difiance • 

!•  This  is  the  fame  with  Chapter  7.  SeBion  z.  Problem  r.  and 
2.  in  page  183  of  Geography,  to  which  1  refer  the  Reader  fo t 
finding  their  Diftance,  and  fo  pafs  to 

Cafe  2.  Two  Places  differing  only  in  Longitude,  the  Latitude  and 
Longitude  being  given  3  to  fad  their  Dili ance  in  the  sfrch  of  a 
Great  Circle,  and  all  that's  requisite  in  Great  Circle-Sailing. 

I.  This, is  the  fame  with  Chapter  7,  SeBion  z.  Problem  3,  and 
4.  in  pages  183  and  184,  of  Geography ,  to  find  their  Diftance. 

2»  Thefe  Places  are  either  in  the  Equator,  or  in  one  Paral¬ 
lel,  and  lie  Eaft  and  Weft  from  each  other  3  but  their  Diftance 
in  that  Parallel,  is  not  their  neareft  Diftance,  the  Parallel  be¬ 
ing  a  Lefter  Circle. 

3.  The  Diftance  in  the  Parallel  hath  been  fhewed  in 
Chapter  4.  SsBion  3.  Problem  ro  of  Mercator s-  Sailing,  in  page  icq, 
and  their  Diftance  in  the  Arch  of  a  Great  Circle  is  found  by 
Chapter  7.  Seftion  z.  Problem  4.  in  page  184 ,of  Geography.  But 
the  Angles  of  Pofition  made  by  the  Great  Circle,  and  it’s  La¬ 
titude,  and  Longitude  at  any  aflign’d  Portion,  together  with 
the  Courfe,  and  Diftance  from  Place  to  Place,  fo  aftign’d  in  it, 
is  the  Work  now. 

Cafe  2.  Prob.  i.  Suppofe  the  Lizard,  and  Pengwin-Ifland,  both 
in  the  Latitude  of  jod  00 m.  North ,  zuhofe  Difference  of  Longitude 
is  47 d.  4 6m.  (  as  before  in  Prob.  4  in  Page  184  of  Geogra- 
phy:)  1  demand  the  Angles  of  Pofition  ?  The  Great-Circle's  Di- 
Jiance  between  them  ?  The  Latitude  of  the  s4rch  at  every  five  De+ 
grees  Difference  of  Longitude  ?  slnd  the  Cowfe ,  and  Di  fiance  of 
each  oj  them  according  to  Mercator. 


This 
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.  This  Problem  is  delineated  by  the  Dire£fions  in  Problem 4, 
of  Geography,  in  page  184.  And  obferve  that, 

In  the  Oblique  Spheric  Triangle  AFC.  Plate  5.  Fig  2 . 

1.  A  reprefen t$  the  Lizard > 

2.  G  Pengwin  ljland • 

3.  The  fide  PA  equal  to  PC,  the  Complement  of  their  La¬ 
titude  4od. 

4.  The  Angle  APC  the  Difference  of  Longitude  4.7c!. 

5.  The  Angle  CAP  equal  to  AGP,  the  Angle  of  Pofiticnat 
each  Place. 

6.  The  Side  AC,  the  Great  Circle’s  Diftance  between  them, 
Firfl ,  For  the  Angle  CAP  equal  to  ACP,  the  Angle  of  Po- 

fi* ion  at  the  Two  Places. 

Draw  the  Perpendicular  P  B,  (as  was  taught  in  Prbblent  4, 
of  Geograpy,  in  page  i%$.)  which  divideth  the  Oblique  Trian¬ 
gle  APC  into  two  equal  Re£langle  SphericTriangles  ABP.and 
CBP^ineach  the  Hypotenule,  and  one  Angle  is  given  That  i? 

1.  The  Hypotenule  PA,equal  to  PC,  the  Complement  o 
their  Latitude  40  Degrees. 

2.  The  Angle  BPA>  equal  to  BPC,  half  their  Difference 
of  Longitude  23d.  59m. 

9.  The  Angle  BAP,  equal  to  BCP,  the  Angle  of  Pofition, 
at  each  Place. 

4.  The  Leg  AB,  equal  to  BC,  half  the  Great  Circle'  iDillance. 

5.  The  Leg  BP  the  Complement  of  the  Arch’sgreatell  Lat. 
And  by  Chapter  5.  Seflion  4.  Problem  2.  Cafe  6-  of  Spheric 

Trigonometry  ReBangular,  in  page  197,  the  Proportion  is  thus; 

As  Radius,  is  to  the  Sine  of  the  Latitude  $  fois  theTangent 
of  half  the  Difference  of  Longitude,  to  the  Tangent  Comple¬ 
ment  of  the  Angle  of  Portion  at  each  Place.  That  is  5 
As  Radius  ±-  S.c.  Hypot.  AP:  iT.  Angle  APB  ••To.  Angle  BAP. 
AsS*  pod.  ••  S.  5od.  00m. '  :T.  23d.  53m.  •*  T.  i8d.  44m. 
Which  being  fubtra£led  from  - - -  pod,  00m. 

Remain,  is  the  Angle  of  Pofition  at  each  place  7  id  16m, 
Secondly ,  The  Leg  AB  equal  to  BC,  is  found  (by  Problem  4. 
of  Geography,  in  page  185)  I5d.  05m.  and  therefore  the  Side 
AC  is  3od.  10m  or  18  ro  Minutes,  the  Didance  of  the  two 
Places  in  the  Arch  of  a  Great  Circle, 

Thirdly,  To  find  the  Latitude  by  which  the  Arch  fhall  pate 
at  every  5  Degrees  Difference  of  Longitude  from  A  reprefent- 
ing  the” Lizard  $  thele  Things  following  mufi  be  obferved. 
Firfl,  Find  the  Leg  BP,  the  Complement  of  the  greateft 

Latitude 
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Latitude  by  which  the  Arch  ( of  the  great  CitcleJ  doth  pafs ; 
and  that  by  Chapter  5.  Seftion  4.  Problem  2.  Cafe  5 .  of  Spheric 
Trigonometry  ReBangular ,  in  13  7)  is  thus  5 

As  Radius*  is  to  the  Sine  Complement  of  half  the  Diffe¬ 
rence  of  Longitude. 

So  is  the  Tangent  Complement  of  the  given  Laritude,  to 
the  Tangent  Complement  of  the  Arch’s  greateft  Latitude  3  In 
lliort  thus  *  i  ‘ 

As  Radius  •*  S-c, Angle  BP  A  : :  T,  Hypot.  PA ;  .’T.c.Leg  BP 

As  $  ^od.  **  S.  <S6d  07m  s  :T.  4od.oom.  ••  T.  37 d.  30m. 
Which  being  fubtra6fed  from  -■  90d.com. 

Remainder  is  the  Arch’s  greateft  Latitude  — - -  5ad  30m. 

Secondly t  To  find  the  Latitude  by  which  the  Arch  of  the 
Great  Circle  paffes  at  every  5  Degrees  of  Longitude  from  A, 
draw  Meridians  from  P,  as  Pd,  Pe,  Pf,  Bv.  which  may  moR 
eafily  be  done  Gnom<mically>  being  then  Right  Lines,  and  that 
is  thus  ; 

The  Gnomonic  Projection.  Plate  5.  Figure  3* 

1.  Make  the  Angle  APC  equal  to  47d.  46m*  the  Difference 
of  Longitude  between  the  two  given  Places. 

2.  Make  PA,  and  PC,  each  equal  to  the  Tangent  of  4od« 
00m.  the  Complement  of  the  given  Latitude. 

3.  Draw  the  Line  AC,  which  reprefents  the  Arch  of  a  great 
Circle  between  them. 

4.  Let  fall  the  Perpendicular  PB,  which  being  meafured  on 
the  Scale  of  Tangents,  is  3  yd.  30m.  the  Complement  of  the 
Arch’s  greateA  Latitude. 

5.  Then  draw  Lines  from  P,  each  5  Degrees  diffance  from 
A,  as  Pd,  Pe,  PL  Pg,  Ph,  Pi  Pk,  PL  and  Pm  3  which  are  Me¬ 
ridians,  and  each '5  degrees  of  Longitude  from  A,  the  Lizard. 

6 .  Meafure  Pd,  Pe,  Pf,  ere.  on  the  Scale  of  Tangents,  ar \d 
it  fheweth  the  Complements  of  the  Latitudes  of  the  Arch,  at 
the  refpedtive  Places  d,  e,  f, 

Thefe  are  found  (by  Spheric  Trigonometry )  after  this  manner? 
The  feveral  prick’d  Lines  Pd,  Pe,  ctt.  are  fo  many  Hypote- 
nufes,  to  as  many  Rectangular  Spheric  Triangles,  which  have 
one  common  Leg  BP,  the  Complement  of  the  Arch’s  greateR 
Latitude*  f 

Now  in  each  of  thefe  Reffangular  Spheric  Triangles,  there 
is  given  a  Leg,  and  its  adjacent  Angle,  to  find  the  Hy  potenufe* 
that  is,  in  the  Triangle  dBP,  there  is  given  the  Leg  B  P,  and 
Angle  BPd  3  to  find  the  Hypotenufe  Bd>  and  fo  in  all  the  reft® 

,  '  And 
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And  the  feveral  Angles  B  P  d,  B  P  e,  &c.  are  found  by  a 
continual  Subtraction  of  5  Degrees  from  the  Angle  BP  A  23d* 
53m.  half  the  Difference  of  Longitude,  till  the  Remainder  be 
lefs  than  5  Degrees,  which  being  taken  out  of  5  Degrees,  and 
to  this  laft  Remainder  add  s  Degrees  fucceifively  till  the  Sum 
exceed  not  23d.  5  5m.  Thatis^ 

'  d.  d.  m. 

From  the  Angle  BPA23.53  Then  to  the  Angle  BPh  01 .07 


SubtraCI  the  Ang.  APd  5.00 

VBPd  18.53 

Ramaind.  is  ? 2 * 5  5 

>BPf  08,53 


^BP 


«  03.53 


Add  the  Angle  ~hPi  05.00 

(p  BPi  015.07 

Sum  is  the  Angle 

0  )  Bri  r  6.07 

L  B  Pour. 07 

Thefe  Angles  are  called 

Vertical  Angles ,  or  Angles  at 


Which  SubtraCl  from  o  5  00 
Is  the  Angle  BPh  -0107 
the  Pole.  '  :  f 

Then  find  (by  Chapter  5.  SeBion  4.  Problem  3,.  Cafe  9.  of 
Spheric  Trigonometry  ReB angular ,  in  pages  137,  and  138)  the 
feveral  Latitudes  of  the  Arch,  which  is  by  this  Proportion. 
As  Radius,  isto  theSine„Ccmplemen^of  the  Vertical  Angle; 
So  is  the  Tangent  of  the  Arch’s  greatefl  Latitude,  to  the 
Tangent  of  the  Arch’s  Latitude  at  the  refpeCHve  places.  Or, 
As  Radius  ~  S  c.  BPd.BPe,©^. : :  T.c.LegBP  «  Tc  Pd,  Pc,  &c. 
As  S,  9od;.«  S,  7  id. 07m. ::T.52d  30m.  *•  T. sod  48m  Lat at  d 


7^ 

81 

8(5 

8S 

78 

7? 

68 


°7 

07 

C7 

53 

53’ 

53 

5V 

53 


51-41  A 

52.10 
52.26 
52.30  v 
52.29  f 

5 T-  59  | 
51.23  | 

•  50  34J 


So  that  by  the  Gunter ,  the  Extent  from  the  Sine  of 90  de¬ 
grees,  to  the  Sine  of  7id.  07m.  will  reach  from  the  Tangent 
of  5 2d.  30m.  to  Tangent  5od.  58m.  And  the  Extent  from 
Sine  9od.  to  Sine  76d.  07m.  will  reach  from  Tangent  sad, 
30m.  to  Tangent  5 id.  41m.  Alfo  from  Sine  9od  to  Sine  Bid. 
07m,  reacheth  from  Tangent  52c!.  30m,  to  Tangent  5  2d. 
1  om.  and  fo  on  for  the  reft. 

But  by  Logarithms  it  may  be  thus  contra&ed  5  hecaufe  the 

N  Fir  ft 
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Firft  and  Third  Terms  in  each  Proportion  are  the  fame, and 
Radius  being  the  Firft,  it  follows ? 

That  to  the  Tangent  of  the  Arch’s  greateft  Latitude,  add 
the  Sine  Complement  of  each  Vertica  Angle,  and  from  their 
Sam  abate  Radius,  the  Remainder  is  the  Tangent  of  the  Arch’§ 
Latitude  at  each  Place  required.  As  for  Example. 

i  ■■  f  '  v 

d.  m 

Arc  greateft  Lat*  ja^oTan.  io.  115c  19 
f  71  07  Sine 


76.07  Sine 


81*07  ^ne 


86.07  Sine 

Comp.  Pertl-  I  88-53  Sine 
Sal  Atyjle  H 

83.53  Sine 


78.53  Sine 


:  73.53  Sine 

68.53  ^ne 

fl 


Thirdly,  To  find  the  Courfe,  and  Diftance  of  the  aforefaid 
Places,  having  now  the  Latgifude,  and  Longitude  of  them  3 
this  is  done  by  Chapter  4.  SeBim  3.  Problem  2.  of  Mercator  $ 
Saline  in  page  9 3. 

As  for  Example,  To  find  the  Gourfe  and  Diftance  from  Ato  d0 
There  is  given  the  Latitude  of  A  sod.  00m.  North,  and  of 
d  sod.  58m.  North,  with  their  Difference  of  Longitude  sd, 

or  %oo Minutes  Wrfti 

"  Their 


9-9  75974 


d,  m.’l 

io  09  -  99  3  Tang,  50.58 

9  9^7^4 . 

10.102 143  Tang*  5141  I 

9*9947  59 

lo.rrtpT  "8  T ang, 
9.999002 


l 


10  n  4021  Tang* 

9  999917 

10. 1 14936  Tang. 

9‘9  97  ?  20 

io*  its  s  2  9  Tang. 

9  99 1774 

10  rc6'7_9j_Tang. 
9.9  82587 

10^097606”  Tang, 

9  9698 1 1 

a  0.0848  30  Tang. 


51.10 

52.26 


Hi 

o 

rS 

P-t 


=  1 


f 
g 


52.21 
51.59 

51.23 

5  0*34  j 


<u 

T3 

3 


r* 

t-J 


k 

1 

J  ns 
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Their  Meridional  Difference  of  Latitude  (by  the  Table  of 
Meridional  Parts,  in  Pages  130,  and  134)  is  91  Minutes  - 
1  nererore^ 

For  the  Courfes,  the  Proportion  is  5 

As  Trier  id  %  Dijf%  Lat.  ••  Lowg*  : :  Radius  ••  T.  o/*  the  Courfe 
As  92d.  Minutes..  300  Min  ::T45d  •  .  T.  73d. 07m,  £\r° 
WeAerly  from  A  tod  is  the  fir  A:  Courfe- 

For  the  DiAances,  the  Proportion  is, 

As  S.e.  Courfe  ..  Diff  Lat.  ::  Radius  •  •  DiAance 
AsS.  i6d.  53m-  ••  58  Min.  :  :  S.9od.  ••  200  Min- from  A  to  d. 
After  the  fame  manner  find  the  Courses  and  DiAances  from 
d  to  e,  from  e  to  f,  6 *V,  as  follows 

For  the  Courfes,  the  Proportions  are; 


As  69  Min.  --  3ooMin.  ::Tr45d.  ••  T.  77.02  N  W.  from  d  to  e. 


47 

26 

6 

14 

37 

57 

7* 


4r.\? 


8l.06 
84  02 


from  e  to  fo 
from  f  to  ge 


88.46  N  W  front  g  to  h.- 
87-15  S  W.  from  h  to  i. 
83.08  • — — -  from  i  to  k, 

79  14 

75.26 


-  from  k  to  1. 

-  from  1  to  m. 


As  5 3 Min.  ••  i66Min. ::T 4jd.  *•  T.72d.r8m*SW  frommtoC 


For  the  DiAances,  the  Proportions  are, 


AsS.  1 2d.  58m-  ••  43  Min.  : : $.  pod.  -192  Min-  from  d  to  e; 
8d.  54m% ••  29  ^-^.^. «-—»—■ — ~  187  — —  from  e  to  f. 
^d.  58m.  ••  16  ID  mm*  I ,m&t  m  « -  ig'j  — from  f  to  g« 


id.  14m* 

from  g  to  hi 

2d.  45m* 

09  - — 

from  h  to  i. 

6d.  52m. 

from  i  to  k. 

iod,  46m. 

••  36  - - 

— -  — —  290 - 

-from  k  to  1 

I4d.  34m. 

"49  ■— -« 

1 94- ■— «. 

from  1  to  on. 

1  yd-  42m. 

•■34  - 

- — — -  2  j  2  _ 

from  m  toC: 

Which  place  orderly  as  in  the  Table 

N  % 
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Places 

Mend  | 

Mer.j 

yj 

jfertme.' 

Courjesfrom 

Dijtances 

IT 

Lati - 

dional 

<#| 

*L.j 

of  Longi- 

of  La- 

Place  to 

tudes . 

■ — - — 

Parts 

tude 

titude 

Place 

Places 

A 

d  m 

Min, 

Min’d. 

m 

Min. 

d  m 

Min. 

L  & 

50*00 

3474 

N  77.07W 

d 

50.58 

35<5<S 

92. 

*e 

or 

300 

58 

200 

e 

51.-41 

3535 

69 

|5 

or 

3  00 

43 

N  7  7  0  2  W 

192 

7 

52.10 

26  82 

47 

|5 

or 

900 

29 

N  8i.otfW 

187 

g 

52.2  6 

J 

2  708 

2  4 

|» 

or 

300 

1 6 

N  8,-.oiW 

OR  5 

h 

2  7  f  A 

6 

5 

— 

or 

300 

04  H 

N  88,4<fW 

1 86 

i 

ji. 

K  1-21 

J  r  T 

9700 

14 

5 

or 

300' 

09 

S  8  7  15  W 

187 

k 

/ 

5  M  9 

3^3  3 

37 

P 

or 

3  DO 

2  2 

— 

S  83.08  w 

187  * 

1 

5  Gz  3 

9606 

57 

5 

or 

300 

36 

S  79.  T4  WT 

190 

V— - 

m 

50-94 

3528 

78, 

5 

or 

300 

49 

S  7  5-2<5  W 

. 

194 

X 

-50»oo 

js 

3475 

53 

) 

1 

2.45  or  1  <5 <5  ' 

34 

S72.E  w 

hi 

T 

he 

wh 

»le  Diftance  is  — — 

-1819 

But  in  Regard  mod  of  the  Courfes  in  the  Table  are  fo 
near  the  Weft,  you  may  fail  WNW  P27M10.  until  you  are  in 
the  Latitude  of  )<sd.  oom.  North -  and  then  WSW,  927  Min. 
farther,  you  will  arrive  at  the  P  >rt  defired. 

By  this  means  you  alter  the  Latitude  63.  which  isconfide- 
rable,  in  refpecl  of  the  Benefit  of  Obfervation  j  befides  the  Di¬ 
ftance  f  this  way)  is  but  5 6  Minutes  more  than  that  of  a  Great 
Circle,  aud  not  above  24  Minutes  more  than  the  Parallel  or 
Weft  Diftance  3  which  isevident,  if  you  compare  Chap  4 .  Setlion 
3.  Problem  10*  of  Mercator  Sailings  in  Page  101  with  this 

'1 

Cafe  9.  Thro  Places  differing  both  in  Latitude ,  and  Longitude  5 
their  latitudes^  and  Longitudes  being  given  %  to  find  their  Diftance 
in  the  /Itch  of  a  Great  Circle ,  and  all  that  is  required  in  Great- 
Circle  Sailing. 

Note ;  When  two  Places  differ  both  in  Latitude  and  Longi¬ 
tude,  they  lie  neither  in  one  Parallel  nor  under  one  Meridian  9 
of  which  here  are  three  kinds,  viz.  ( 1  )  one  Place  under  the 
Equator,  and  the  other  in  North,  or  South  Latitude.  C  2.  ) 
Both  Places  in  North,  or  both  in  South  Latitude:  And  (  3*  ) 
Gne  Place  in  North  Latitude,  and  the  other  Place  in  South 
Latitude  Thefe 
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fhefe  three  kinds  of  Places  differing  both  in  Latitude  and 
Longitude  5  how  to  find  their  Diilance  in  the  Arch  of  a  Great 
Circle,  hath  been  fliewed  in  Chapter  7.  SeBion  2.  Cafe  3.  Problems 
6y  7  and  8,  of  inpager  185,  i8tf, #87  and  1 88-  But 

to  find  the  Angles  of  Pofition,  ahd  what  elfe  is  requisite  in 
Great  Circle- Sail ingt  is  the  Work  of  the  three^following  Problems, 


Cafe  3.  The  firff  Kind,  One  Place  under  the  Equator 3  the  other 
in  North ,  or  South  Latitude  •  As  for  Example* 

* 

Problem  2.  Suppofe  the  Lizard  and  the  Entrance  of  the  River  Ama- 
zones  5  I  demand  the  Angles  of  Poftion7.  the  great  Circle's  0 i- 
Jlance  between  them  ?  The  Latitude  of  the  Arch  at  every  10  Dem 
grees  Difference  of  Longitude  ?  with  the  Ceurfe ,  and  Difiance  of 
each  of  themy  acccordmg  to  Mercator  ? 

The  Latitude,  and  Longitude  of  thefe  Places,  fuppoftd  to 
be  as  follows  :  r 


Lizard  — - ... 

Amaz.  River 


d.  m. 


d  m 


50  co 
oo.oo 


Longitude  | 


5.24  W 
48  C4  W 


And  theirDifference  of  Longitude  < — — — , - 42  ioW 

This  Problem  is  Delineated  by  the  Dire£f  ions  in  Problem  6 . 
of  Geogragpby,  in  page  i8tf.  And  here  Note;  That,  .  , 

In  the  ReB angle  Spheric  Triangle  ZiENf.  Plate  7.  fig.  I, 

I.  Zreprefents  the  Lizard , 


2.  N  the  Entrance  of  Amazon  River. 

3.  ZeE  the  Latitude  of  the  Lizard,  5od.  00m. 

4.  The  Leg  Z£N  their  Difference  of  Longitude  42d.  40m, 

5*  iEZN  the  Angle  of  Pofition  at  the  Lizard , 

6*jENZ  the  Complement  of  the  Angle  of  Pofition  at  Ama- 
zontSy  in  the  Equator. 

7.  The  HypotenufeZN  the  Great  Circle’s  Difknce  be¬ 
tween  them 

For  the  Angles  iENZ,  or  MZN  (by  Chapter  5.  Seftroh  4. 
Problem  5.  Cajes  13  and  14.  of  Spheric  Trigonometry  Re8angulart 
in  pages  139,  and  140,  the  Proportions  are  thefe; 

As  Radius,  is  to  the  Sine  of  the  Latitude  *  So  is  the  Tart” 
gent  Complement  of  the  Difference  of  Longitude,  to  the  Tan¬ 
gent  Complement  of  the  Angle  of  Pofition  at  the  Place  having 
Latitude  :  That  is, 

N  5  A$ 


< 


\ 
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As  Radius  ••  S.Leg  JEZ  : ;  T,  c.  Leg  JEN  -  Tc.  Angle  JEZiN. 
As  S.  9od*  ••  S*  5od*  ocm,  : :  T.47d.  20m.  ••  T.  gpd,  44m. 
Which  fubtrafl  from - - — ,  $0A  oom. 

Reft$  the  Anjte  of  Pofition  at  the  Lizard  — — ~  5od  16m. 
And  again, 

As  Ra-iius,  is  to  the  Sine  of  the  Difference  of  Longitude;  So 
is  the  Tangent  Complement  of  the  Lizard  Latitude,  to  the 
Tangent  of  the  Angle  of  Pofition  at  the  Place  in  the  Equator; 
That  is,  * 

As  Radius  *•  S  LegiEN  :  :T.c.LegJEZ  ••  T  c.  Angle  JENZ. 

As  S  pod  **S  42d. 40m. :  ;T,  4od.  oom.  ••  T.  2pd.  38m.  the 
Angle  of  Pofition  at  Amazonet  which  fub.  from  9od.  oom. 

/  Angle  AENZ—“  5od.  22m. 

For  the  Hypotenufe  ZN  the  Great  Circle’s  Diftaoce  be¬ 
tween  them,  that’s  found  (by  Chapter  7.  SeBion  2*  Caje  3.  Prob¬ 
lem  6.  of  Gtog  aphy ,  (in  page  185,  and  18 6)  to  be  tfid,  48m; 
or  5708  Minutes. 

To  find  the  Latitude  by  which  the  Arch  (hall  pafs,  at  eve¬ 
ry  to  Degrees  Difference  of  Longitude,  from  Z  reprefenting 
the  Lizard^  obferve  the  following  Stereographs  Projection  on 
the  Plane  of  the  Equator.  Plate  6>  Figure  1.  • 

1.  Defcnbe  the  Primitive  Circle,  on  the  Center  P,  which 
reprefents  fihe  Pole  of  the  World,  through  it  draw  the  Right 
Circle  PZAE,  reprefenting  the  Meridian  of  the  Lizard ,  and 
from  the  Hilf-Tangents  lay  4©d  the  Complement  of  it’s  Lati¬ 
tude  from  P  to  Z 

2.  On  the  Primitive  Circle  lay  42d,  40m.  the  Difference  of 
Longitude  from  M  to  N  5  alfo  lay  10  deg  from  JE  tof,  from 
f  to  g,  and  fo  on  to  i. 

-  3.  Thro’  Z  reprefenting  the  Lizard ,  and  N  the  Entrance  of 
-Zm.  zone s  River,  draw  a  Great  Circle,  asZN. 

4  Draw  the  Right  Circle’s  Ff,  Pg,  Ph,  and  Pi;  which  are 
Meridians  and  cut  the  Arch  ZN  in  a,  b,  c,  andd;  the  re- 
fpecfi  ve  Places  whofe  Latitudes  are  required. 

5.  M.eaiure  a  f,  b  g,  c  h,  and  d  i,  on  the  Scale  of  Half- 
Tangents  (the  contrary  way)  and  it  iheweth  the  Latitude  of 
of  the  Arch  at  thofe  Places  ;  and  to  find  them. 

By  Spheric  'Trigonometry , 

a  The  everal  Right  Circles  a  f,  bg,  &V.  are  fo  many  Perpen¬ 
diculars  to  as  many  (everal  Rectangle  SphericTriangles, which 
have  one  common  Angle  AENZ,  th  eComplement  of  the  Angle 
pf  ? °fihon  at  that  Place,  which  is  in  the  Equator. 

Now. 
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Now  in  each  of  thefe  Re&angle  Spheric  Triangles,  there  is 
given  a  Leg,  and  it’s  adjacent  Angie,  to  find  the  other  Leg, 
which  is  the  Leg  oppoiite  to  the  given  Angle  5  that  is,  in  the 
Triangle  a  f  N,  there  is  given  the  Legf  N,  and  Angle  a  N 
to  find  the  Leg  a  f,  and  fo  in  all  the  reit  of  the  Triangles. 

And  the  feverai  LegsN  f,  N  g ,0V.  are  found  by  a  continu¬ 
al  Subtraction  of  to  Degrees  from  the  Difference  of  Longi¬ 
tude,  till  the  Remainder  be  lefs  than  fo  Degrees,  The  Re¬ 
mainders  I  call  Vertical  Arches,  and  ts  thus  found. 


d.  m. 

From  the  Leg-*— 42.40 
Subtract  the  Arch  —  JEf  fo  00  I 

t  32.40  f 

Remaind.  is  the  Leg) Ng  22.40 

h  12.40 
*»N  i  2.40  | 


Then  (by  Chapter  5,  Sec¬ 
tion  4  Problem  3  Cafe  7.  of 
Spheric  Trigonometry  Reffian- 
gular,  inpages  137  and  158) 
to  find  the  feverai  Lati¬ 
tudes  of  the  Arch,  the  Pro¬ 
portion  is  thus, 


As  Radius  to  the  Sine  of  the  Vertical  Arch  3 
So  is  the  Tangent  Complement  of  the  Angle  of  Pofition  (at 
the  Place  in  the  Equator,)  to  the  Tangent  of  the  Arch’s  Lati¬ 
tude.  Or  thus  3 

AsRadius  ••  S.Nf,Ng,e^r. ::  T  Angle  aNf  ••  T.I  eg  af,  bg,  &c. 
As  S>  pod*  ••  S-  32d.4oim. : :  T.  6od.  22m.  ••  T  43.30  a  u-  ^  a 

22  4.0  —  —  34*07  £  2 

J2  4.0  -  — — — '  —Zi.osf-zfc 

2  4.0  —  4  41  J  H  ••  d 

I  have  calculated  the  Latitude  of  the  -Arch  for  every  10 
Degrees  Difference  of  Longitude,  but  by  the  fame  Method  the 
Pra&itioner  may  do  it  for  each  5  Degrees,  and  then  it  will  be 
more  exaCL 

The  Courfe,  and  Difiance  from  each  of  thefe  Places  are 
found  (by  Chapter -4.  SeHion  3.  Problem  2.  of  "Mercator's  Sailing f\XL 
Pages  93,  and  94)  in  like  manner  as  in  the  third  Step  of  the 
laff  Problem ,  and  is  as  followeth. 

For  the  Courfes,  the  Proportion  is* 

As  A 4er.  DfTat.  ••  DifLong :  Radius  ••  T.of  the  Courfe  required 
As5  7oMin. ..  6ooMin  i:T.45d.  ..  T.4^d.  5  5m  SW.ffomZro  a, 
72  5  —  39^.3 7mi  )  V  r  a  to  b 

884  ;a am  .  . .  i  .  .«*=»»«  — —  34c!,  10m.  /  SW.  3  b  tO  Q 

i o f  4 - - - -  — — — —  — —  3 od. 28m  C  from  j  c  to  d 

AssBiMin.  „  i^oMin, ;;  T.45d*  •=  T’z^d^jro*  jl  C  dtoN 

N  4  ~  Fof 


too 
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2.  For  the  Diffances,  the  Proportion  is, 

As  S.c.  Courfe  Diff  Lat.  : :  Radius  Diftance  required, 
AsS.  43  d. 05  m- ..  390  Min.  : :  S.9od-  ••  571  Min. from  Z  to  a 

5od.2  3m,  ••  563  — — - — - - *  731  j  r*  a  to  b 

5 5 d. 50m.  ..  782- - — — *  945  /  -  \  b  to  c 

59d.3 2m — 984 — 1141  \  1  Jc  tod 

dod.2im.  ••  281  - - 323  J  (  d  to  N 

This  may  ferve  for  a  fufficient  Explanation  of  this  Problem > 
the  whole  is  in  the  Table  following 


y 

Places 

Men- 

Mer. 

Difference 

m 

Courjes  from 

Difiances 

bp 

«■» 

Lati 

dional 

o.ff. 

of  Longi - 

Place  to 

of 

tude „ 

d  m 

Parts 

Min 

2374 

2904 

Lat 

tude 

Latit, 

Place 

Places 

Z 

50  00 

43-?° 

MuT 

d  m 

d  nn 

d  m 

Minutes 

a 

5  7« 

to  or  600 

6  z  0 

S  4(5.55  W 

57* 

r— < 

b 

72  5 

10  cr  600 

9.23 

3  39  37  W 

731 

54-°7  i  i  7 9 

— - -  . - — 

c 

2 1  0  5 

04.4 ; 

00.00 

1295 

281 

c 

884 

ro  or  6oo 

1  3.02 

3  34  1 0  W 

94  5  ’ 

d 

1 0  r  4 

to  or  600 

1^.24 

jS  jo  28  VV 

1142 

N 

281 

2,40  or  1  So 

4.41 

|S  29  29  w 

5*1 

The  whole  Diftance  is  — 

—  3712 

Y 

Cafe  3.  The  lecond  kmd,  5  Both  Places  in  North }  or  in  South  La¬ 
titude,  as  for  Example, 

Problem  3.  Suppofe  the  Lizard  and  Ijiand  Barbadoes  3  I  demand 
the  Angles  of  P option  ?  The  Great  Circle’s  Di fiance  between  them  ? 
The  Latitude  of  the  Arch  at  every  ic  Degrees  Difference  of  Lon¬ 
gitude  ?  With  the  Courfe f  and  D  fiance  from  each  of  them y  ac¬ 
cording  to  Mercator  1  , 


The  Latitude  and  Longitude  of  thefe  Places  fuppofed  as  fob 
•taws 1  d.  m  d*  m. 


Lizard 
L  Barbadoes 


Lath,  g  50  00 
X  13.00 


Longit. 


4  5-24  W. 
(  58.04  \v 


And  their  Difference  of  Longitude  is  —  52.40  W 

This 
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This  Problem  is  delineated  Sttrographically  by  the  Directions 
in  Problem  7.  of  Geography,  in  pages  186  and  187. 

In  the  Obi  que  Sphere  Triangle  PZL  Plate  6,  Fig,  z° 

1.  Z  reprefents  the  Lizard  in  Latitude  50  Degrees  North; 

2.  L  The  Ifland  Barbadoes,  in  Latitude  15  Degrees  North, 

3.  The  Side  PZ  the  Complement  of  the  Latitude  of  the 
Lizard  40  Degrees. 

4.  The  Side  PL  the  Complement  of  the  Latitude  of  Barba - 
does ,  77  Degrees. 

5.  The  Angle  ZPL  their  Difference  of  Longitude  52  De¬ 
grees  40m. 

6.  PZL-  ?  »  *  1  rn  f  ’  f  the  Lizard 

7.  PLzh"  8  °fP0fltI0nat  i  Ifland  Barbadoes 

8.  The  Side  ZL  the  great  Circles  Di fiance  between  them* 
For  the  Angle  PZL  and  P  L  Z,  (by  Chapter  5.  SeBion  5, 

Problem  9.  Caje  7,  of  Spheric  Trigonometry  Oblique,  in  Pages  144 
and  145*)  the  Proportions  are  thefe  5 

As  the  Sine  of  half  the  Sum  of  the  Complements  of  both 
Latitudes,  is  to  the  Sine  of  half  their  Difference  3 

So  is  the  Tangent  Complement  of  half  their  Difference  of 
Longitude,  to*the  Tangent  of  half  their  Difference  of  the  An¬ 
gle  of  Pofition.  Again, 

As  the  Sine  Complement  of  half  the  Sum  of  the  Comple¬ 
ments  of  both  Latitudes,  is  to  the  Sine  Complement  of  half 
their  Difference  3 

So  is  the  Tangent  Complement  of  half  their  Difference  of 
Longitude,  To  the  Tangent  of  half  the  Sum  of  the  Angles  of 
Pofition.  But  fhorter  thus  , 

As  S.  f  Sun  Jides  ••  S.  \their  diff. :  :T  c.  §ZPL  ••  T.  f  diff.  of  Angles 
AsS.  5 8d.  30m.  ••  S.1 8d.$om. : :  T.  63d-  40m.  T.  3 yd*  02m, 

Again, 

As  Sc.,  §  Sum  fides  *•  S  \  their  diff  ::  T*c.|  ZPL  ••  T-  \  Sum  Angles 
As  S.  3  id.  3cm.  ••  S.  7  rd* 30m.: :  T.tfgd.  40m.  ••  T.  74d.  48m. 
To  which  the  l  Diff  above  being  added  — •  3  -jd.  02m. 

The  Sum  is  the  Angle  of  Pofition  at  Z  — ~~~ — —  <  1 1  id.  50m. 
And  fubtraded  in  the  Angle  of  Pofition  at  L—  3  yd.  46m. 

For  the  Side  ZL,  the  Diflance,  it’s  found  (by  Chapter  7, 
SePhon  a.  Cafe  3.  Problem  7.  of  Geography ,  in  Pages  187  and 
188  )  to  be  5tfd.  23m.  or  3383  Minutes,  which  is  their 
Difiance  in  the  Arch  of  a  great  Circle. 

To  find  the  Latitudes  by  which  the  Arch  fhall  pafs,  at 
every  10  deg.  Difference  of  Longitude,  fromZ  reprefer.ting  the 
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Lizard,  defcribe  the  Problem  Gnomonically,  and  then  all  the 
parts  of  it  will  be  Right  Lines,  which  is  thus  done. 

The  Problem  Gnomonically  Delenated . 

t.  Make  the  Angle  LPZ  equal  to  5 2d. 40m  the  Difference 
of  Longitude. 

2.  Make  the  Side  PZ  equal  to  the  Tangent  of  40  Degrees, 
the  Complement  of  the  Lizard's  Latitude. 

3.  And  P  L  equal  to  the  Tangent  of  77  Degrees  the  Com¬ 
plement  of  Barbadoes  Latitude. 

4.  Draw  the  Line  LZ,  which  is  the  Great  Circle’s  Diftance 
between  them,  and  continue  it  beyond  Z. 

y.  From  P  let  fall  the  Parpeodkular  PS,  to  cut  LZ  in  B  ; 
which  being  meafured  on  the  Scale  of  Tangents ,  is  3  6d.  38m. 
the  Complement  of  the  Arch’s  greateft  Latitude. 

6 .  Then  draw  Lines  from  P,  each  1©  Degrees  diftant  from 
Z  ;  as  F  a  Pc,  P  d,  P e,  and  P  f>  which  are  Meridians,  each 
10  Deg.  of  Longitude  from  the  Lizard ,  and  from  each  other* 

7.  Meafure  Pa,  Pc,  err.  on  the  Scale  of  Tangents >  and  it 
file  we  th  the  Complement  of  the  Latitudes  of  theArch,  at  the 
refpeCLve  Places,  a/  c,  d,  ©*e. 

Thefe  are  found  by  Calculation  after  this  manners 
Fir-ft.  Lithe  Re  tl  angle  Spheric  Triangle  P  B  Z  ;  there  is 

the  -f  Hypot  PZ4-KI  ocm.  \fo  findthe  J  Leg  B  P 
&lvcn  111  ^  Angle  PZB  <S^d,  10m.  3  '  Angie  tT  Z 

Which,  by  Chapter  5.  SeBion  4.  Problem  2.  Cafes  4.  and  6.  of 
Spheric  Trigonometry  Reffangular ,  in  Pages  136,  and  137.1s  thus, 
1, For  the  Leg  PB,  the  Complement  of  the  Arches  greateft 

Latitude  it’s  thus  3  - 

As  the  Radius  is  to  the  Sine  Complement  of  the  greateft 

given  Latitude  3 

So  is  the  Sine  of  the  Angle  of  Pofstion  (at  that  Place,)  to  the 
Sine  Complement  of  the  Arch’s  greateftLatitu.de.  That  is, 
As  Radius  *.  S  Hvpot  PZ  :  :  S.  Angle  PZB  ••  S.  Leg  PB 
AsS^od.  ••  S.  4od.Q.otn* :  :S.tf8d  10m.  -S.  3 6d.  3'Sm.  which 

being  Subtracted  from  — — ^ — ,,v  - — •  ’*  9od.  00m. 

Refts  the  Arch’s  greateft  Latitude 


53d. 


am. 


*. For  the  Vertical  Angle  P8Z,  it  s  thus  3 
As  Radius,  is  to  the  hine  of  the  greateit  given  Latitude  3 
So  is  the  Tangent  of  the  Angle  of  Politico  (at  that  Place,')  to 
the  Tangent  of  the  Complement  of  the  v  ei^igal  Angle:  Thai  is. 


1 
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As  Radius  -*S  c:Hyp.  PZ::  T.AnglePZB  ”  I  c-Angle  BPZ. 
As  6  pod-  S.  sod.  oom  •  -  i .  6 8d„  iom,  T6ad.  23m  which 
being  fubtra&ed  from  —  — - —  9(Kj,  oom 

Refis  the  Vertical  Angle  BPZ*-~ - 

Secondly,  to  find  the  feveral  Latitudes  of  the  Arch  at  a,  c, 
d,  ezr.  you  may  confider,  tnat  the  fe  veral  Prick’d  Lines  Pa, 
Pc,  crc.  are  fo  many  Hypotenufes,  to  as  many  feveral  KeB- 
angls  Spheric  Triangles  which  have  one  common  Leg  P  B3  the 
Complement  of  the  Arch’s  greateft  Latitude* 

In  each  of  them,  there  is  given  a  Leg,  and  its  adjacent  An. 
gle,  to  find  the  Hypotenufe  :  that  is,  'in  the  1  rianglc  PBa, 
there  is  given  the  Leg  P£,  and  Angle  BP  a  3  to  find  the  Hy¬ 
potenufe,  Pa  5  and  lo  in  all  the  reft. 

And  the  feveral  Vertical  Angles,  BP  a,  BPc,  RPd.  &V. 
are  found  by  a  continual  Addition  of  10  Degrees,  to  the  Angle 
BPZ?  2  7d.  37m,  till  the  Sum  exceed  not  8od  17m.  the  Dif. 
ference  of  Longitude  given,  added  to  the  forefaid  2 ?d-  37m. 
That  is  5  d 

To  the  Angle  B?Z  27.37 

Add  the  Angle  ZPa  10.  co 

BPa  37.37 
BPC47.57 
BPtl  5  7.3  7 
BPeSy.qy 


m 


Sum  is  the  Ang: 


Thefe  Vertical  Angl  es  being 
thus  found,  the  feveral  Lati¬ 
tudes  of  the  Arch  at  a,  c,  d,  e, 
and  f,  are  found  by  Chapter  5,, 
SeBion  4.  Problem  g.  Cafe  9  of 
Spheric  Trigonometry  ReBangular % 
in  Pages  137,  and  138,  the  Pro- 


BPf  77.37  ^ 

^orrkw  being  the  fame  as  before?  in  Caje  2.  Problem  1,  of  this 
Chapter ,  in  Pages  1550,  19 3,  and  is  as  folio  weth. 

As  Radius,  is  to  the  Sine  Complement  of  the  Vertical  An- 
gles?  So  is  the  Tangent  of  the  Arch’s  greateft  Latitude,  to  the 
Tangent  of  the  Arch’s  Latiude  required.  Or  thus  5 


AsRadius  •*  SCo*BPafBPc,e7r.:  t  Tc-Leg  BP  ••  T.c.  PaXc,  cstt, 

AsS-pod.  »•  S,  5  2d  23m  ::  T.  53d. 2 2m.  •*  T  46.49  v* - (  a 

42.cl.23  m — —  - — —  42.11  /  —  \  c 

3 ad-2 3m  * — - —  ■ — —35 .46  >  LanofV  d 

2  2  d  ■  2  3  m  »  ■  —  2  7  o  7  L  1  e 

1 2  d*  2  3  m  ——it—**— — —  itf.oy  ^  f 

Which  Latitude’s  Place  in  the  Fable  following* 

Thirdly, 
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^  Places  \Meri~ 
If  Last  dion  il 

■"»  i  1  ■ 

^  tuctes  Parts 

1  d  m  jMin 
Z  30.00^5474 

.a  4^  49  3-i87 
«— •  — — - — - 1  — — 

C  'A  1  f  I  2.  7  04 

mfr 

p/ 

Latit 

Difference  Dff> 
of  Lon *  of 

gitude  Latit* 

^  _  '  r 

CourJ es  from 

Place  to 
Place . 

Diftan- 
ces  of 
Places 

jMin. 

287 

d  m  d  m 

to  or  4oo‘  3. 1 1 

d  m. 

S  64 22 w 

Min. 

441 

391 

to  or  4ao  4.38 

s  ftf.55  w 

509 

"d!35. 44 

t  ■ 

e  27.07 

t  14.05 
~L  13  oo| 

i 

1  * ' 

|!12i 

iijyi 

978 

787 ! 

49  5  , 
4 10  j 

to  or  4oo 

to  or  600^  8.39 

* - - 

vS  50  2  9  w 
S  44  32  W 

605 

~728 

7 1 3  f 

to  or  600  n  02 

S  40.05  W 

845 

191 

2°4oV  160  3.0518  38  08  W 

2?  5 

The  whole  Diftance- - 3383 

Thirdly,  The  Courfe,  and  Diftance  in  the  two  laft  Columns 
of  this  Table*  are  found  by  Chaffer  4.  Settion  3  Proolem  z,  of 
"Mercator's  Sailing ,  in  Pages  93  ar*d  94>  iti  the  fame  manner  as 
in  the  two  lad  Problems  in  this  Chapter  3  thus^ 

1.  For  the  Courfes,  the  Proportion  is. 

As  Uer  Diff.Lai.  ••  [jff.Long. ::  ••  T. of  the  Courfe  required 

As  287  Min.  ••  4ooMin  : :  T^d  ••  T.64^ 2  2m.SW.fromzto  a 


39*' 
49  5 
4so 

7s  3 


5 6d  55m 
jod  29m 

40d  G5m 


sw. 


As  i9iMin  ••  i4oMin  ::T4yd.  l*3bd  08m 
2.  For  til*0  Didances,  the  Proportion  is. 

As  Sc.  Courfe  *•  D*jf.  Lat,  ::  Radius  ••  Diftance  required. 

As  S  2  5<1 38m  ••  191  Min  :  :S  9^d. ..  441  Min.  from  Z  to  a 
33d  05m**  278  — — ■ - -  5  °9  J  •*  a  t0  c 

59 d  51m  **385  ■*”***•**»—*  ’ — “*•  5 r 

43d  28m  ..  519^ — ’"*“*-*  — —•  728/:>  from 

49<i  5  5m  ••  <56~ 2  ^ «  845L 

5  id  52m  *'  185  5  5  j 

Thus  is  this  Third  Problejn  Cufackndy  explained  in  every 

part  of  it.  ,  .  f  l 

Cafe  3.  The  Third  Kind  5  One  Place  in  North  Latitude,  and  the 

other  in  South  Latitude,  as  for  Example. 

Problem  4.  Suppofe  Cape  Cod  in  New  England,  and  Cape 
Bona  Efperance  :  I  demand  the  single  of  Pofition  ?  The  Great 
Circles  Diftance  between  them  ?  The  Latitude  of  the  sirch  at  eve¬ 
ry 
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Degrees  Difference  of  Longitude  ?  the  Courje  and  Didance  from 
rcording  to  Mercator  ? 

2  Latitude  and  Longitude  of  thefe  Places  fuppofed  to  be 
lows  " 


D.  M.  D.  M. 

Ff  ^Lat.  10  |»Longir.  4  6  ^ 

BonEjper  f  £  34  25  §  j  &  I  17  10  £•_ 

sir  Differnece  of  Longitude  ———84  5 5  £ 
he  Oblique  Spheric  Triangle  FZD,  Plate  7.  Fig •  i. 

Z  reprefents  CapeCW  in  Latitude  4od.  10m  North. 
D  Cape  Bow  Ejperance ,  in  Latitude  34d,  15m. South* 
"he  Side  PZ  the  Complement  of  the  LatikudecfC 


;ora. 

The  Side  PD  the  diflance  of  Cape  Bon  Ejperance  x  from 
irth  Pole9  or  it’s  Latitude  added  to  90  Degrees  equal 
4d.  2  s  m. 

The  Ang.ZPPtheir  Difference  of  Longitude,  $4d.  55ns; 

>DZ  I the  An§le  ofPof,tion  at  Ciipc  f  Bot,  Efttratc* 
The  Side  ZD  the  Great  Circles  Dlftance  between  them, 
the  Angles  P  Z  D,  and  P  D  Z,f&y  Chatter  5.  Section  5 
n  9.  Caje  7.  in  Pages  144  and  145,  the  Proportion  are  theft; 
d*  m.  d.  rn. 


?D  124  25 

dz  47  5° 

*~s~”***  cL  m* 

um§72  1 5  Thef Sum  8607 


The  Angle  DPZ  84  55 


’  The  half  of  it  is  42  27 
Which  fub.  from  90  oo 


off.  q6  9  5  The  f  Diff.  38  1 7  Its  Complement  47  39 
Sum  ftdes  ••  S  | theirDff . :  :  T»c 9  ^ZPD  *•  T  \  Diff,  Angles  req 
85d.o7m.  ••  SqSd.  17m. ::T. 47d.  33m.  *■  T  3.4^:10111*. 
03d.  53m. ..  S.  5  id  43m.  — — —  —  T85d.  29m, 


ded,  giveth  the  greater  Angle  PZD — —  *  1 9d .  3  9m 

itradfed  is  the  leffer  Angle  PZD  — —  3  id,  19m, 

2  Diflance  ZD  is  found  ( by  Chapter  5.  Section  2.  Daft  3, 
yi  8,  of  Geography )  in  Pages  188  and  189,  to  be  io8d„ 
or  <5" 5 9 9  Minutes. 

/  find  the  Latitudes  by  which  the  Arch  fhall  pafs,  at  each 
agrees  Difference  of  Longitude  from  Z5  reprefersting 
Cod  3  deferibi  the  Problem  Stefeographicaliy  on  the  Plane  of 
quatoty  and  then  all  the  Meridians  will  be  Right  Circles, 
0  delineate  the  Problem  Stereographic  ally  x  Plate  6-  Fig .  3« 

1,  De- 


204 


Places 

Meri- 

j M°  er 

Si 

*■» 

Lari 

dional 

\d  f 

Slides 

Parts 

; 

Latit 

J  d  m 

Min 

z 

^o.oo  3474 

Min. 

a 

4*  49 

'3.  <87 

i  287 

c 

f  f 

,  •«— <* — — 

I11 96 

391 

0M— 4 

d 

3  5*4^ 

1  1  s'  ^  ( 

>301 

495  J 

e 

27.07 

1 691 

<5 1 0  j 

<-—4 

t 

1(5.0  5 

91* 

713 

L 

_ 1 

13-00 

1*1 

191  : 

Difference 
of  Lon¬ 
gitude 


D'f 

Latit * 


m  d  m 


Chap. 

Courfes  from  L 

Place  to 
Place . 


d  m. 


to  or  (joo  3,11  S  64  22  W 
to  or  doo  4.3 8S  5 ^‘5 5  W 

S  50  29  w 


i 

u 


(SioliD  or  600'  8*3984432  W 


S  40.05  W 

s“rGrw 


10  or  600  1 1  02 


z°4.o'or  160  3-05 


The  whole  Diftance 


Thirdly,  The  Courfe,  and  Diftance  in  the  two  laft  C( 
of  this  Table,  are  found  by  Chapter  4.  StHion  3  Proolem 
Mercator's  Sailing,  in  Pages  93  ar*d  94>  M  rne  fame  man 
in  the  two  laft  Problems  in  this  Chapter  3  thus 
1.  For  the  Courfes,  the  Proportion  is. 

As  Met  Diff.Lat .  **  O  ff. Long. ::  R'adm*  ••  T-«/^  Oturft  ret 
As  287  Min.  ••  tfooMin : :  7^4  5  d  ••  T.^4<1 22m.SW.fror 

-*)  jim  ,^aaglwfIJ  Jpi  ri*  ^  ^  ^  ^ 

49  2  —  —  — *  •— — * '  50t*  zpmf  g ^ 

^  s  o  •>»*»»»"««  *»**'•  in. «»>»•'  44 d  3  ^  ft  ti* on 

J  r*  w-rnMmr-m.  4O  cl  O  ^  TTl  j 


As  19 1  Min  •  ’  1  (jC'Min  ::  T45di  ••  T.3  hd  08m  _ 

2.  For  the  Diftarsces,  the  Proportion  is. 

As  Sc.  Courfe  Diff.  Lat.  ::  ••  Diftance  required 

As  S  2  3d  38'pa  ••  191  Min  : :  S  9od.  ..441  Min*  from  Z 
33 d  05^0  **  278  J  >  a  * 

39  d  3  m  ••  385  * — ■ — ^  605  r  \c  * 

4jda8m..  5^9 — —  ' - - 7 2 8>  from  Jd  t 

49<i  5  5m  ••  66 2  ■  ■*— ■  865 L  le  t« 

5  id  52m”  185  •— — . - . . '*3  5  ^  X  *  tl 

Thus  is  this  Third  Problem  fufficiently  explained  in  ? 

part  of  its  . 

Cafe  3.  The  Third  Kind  3  One  Place  in  North  Latitude,  4 
other  in  South  Latitude,  as  for  Example. 
Problem  4.  Suppcje  Cape  Cod  New  England,  and  t 
Bona  Eiperance  :  I  demand  the  Angle  o  f  Pcjition  ?  The 
Circles  Diftance  between  them  ?  The  Latitude  of  the  Arch  a\ 
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ry  lo  Degrees  Difference  oj  Longitude  ?  the  Courje  and  Didance  from 
them  according  to  Mercator  ? 

The  Latitude  and  Longitude  of  thefe  Places  fuppofed  to  be 
as  follows  * 

D.  M.  IX  M. 

Cape  Cod  \ r  J  4-  10  N- 1  r  ono;*  J  6  7  45  W. 

Cape  Bon  Ejper  j  ’  I34  25S  J'  X  1 7  10  E» 

Their  Differnece  of  Longitude  — — —  84  5  >  E 
In  the  Oblique  Spheric  Triangle  FZD,  Plate  7.  Fig •  1 . 

1.  Z  reprefents  CapeCW  in  Latitude  4od.  10m  North. 

2.  D  Cape  Bon  Ejperance ,  in  Latitude  34d,  15m. South- 

3.  The  Side  PZ  the  Complement  of  the  Latitude  cf  C* 

47d.  50m. 

4.  The  Side  PD  the  diftar.ce  of  Cape  Bon  Ejperance ,  from 
the  North  Pole,  or  it’s  Latitude  added  to  90  Degrees  equal 

to  1 24d.  2  5  m. 

5.  The  Ang.ZPDtheir  Difference  cf  Longitude,  .844.  55m. 

7’.  PDZ  }  thC  An§1C  °f  Pof‘tion  a‘  Cap£  \  Bat  Efteranc* 

8.  The  Side  ZD  the  Great  Circles  Diftance  between  them. 
For  the  Angles  P  Z  D,  and  P  D  Zfby  Chapter  5.  SeBion  5 
Problem  9.  Ca/e  7.  in  Pages  144  and  145,  the  Proportion  are  theft; 

d.  m.  d.  m. 

Side  PD  x 24  25  j  The  Angle  DPZ  84  55 

Side  PZ  47  5°  I 

cl  m*  )  The  half  of  it  is  42  27 

Which  fab.  from  .  90  00 


The  Sum  172  1 5  ThefSum  8607 


Its  Complement 


47  $ 


The  Diff.  3  5  The  fDIff  38  17 
As  S.  \Sum  fide  s  ••  S  §  theirDiff  :  :  Y*c9  iZPD  ••  T  \  Diff  Angles  req 
As  S  .85d.o7m.  ••  S^Sd.  17m. :: T. 47d.  33m.  ••  T  34A  icnv 
.s  S,  03d.  53m.  ••  S.  5  id  43 m» - !-—■»—  - - —  T  8  5c!.  29m, 

Added,  givsth  the  greater  Angle  PZD  I— — MM—  [  f  fd,  39m 

Subtradled  is  the  lefter  Angle  PZD  —  ‘jid.  2910, 


«rr>l 


_  he  Diftanee  ZD  is  found  fby  Chapter  5.  SeBion  2.  Cafe  3, 
JProblem  8,  of  Geography )  in  Pages  188  and  x8 9,  to  be  lo8d* 

59m,  or  6539  Minutes.  . 

To  find  the  Latitudes  by  which  the  Arch  mall  pafs,  at  each 
10  Degrees  Difference  of  Longitude  from  Z,  reprefenting 

f:ape  Cod  •  deferib;  tfc  Problem  Stenographicaliy  on  the  Plane  o t 
he  Equator ,  and  then  all  the  Meridians  will  be  Right  Circles. 

To  delineate  the  Problem  Stereographkallyx  Plate 6.  Fig.  3*  - 

i .  De- 


Great  Circle  Sailing.  Chap.  VIII. 

t.  Defcribe  the  Primitive  Circle  and  make  the  Angle  DPZ 
equal  to  ^d.  55m.  the  Difference  of  Longitude  by  Chapter  5. 
SeBion  t.  Problem  2.  Cafe  2.  fin  Page  tlz)  of  Spheric  Geometry , 
by  drawing  two  Right  Circles. 

2.  Make  the  Side  P Z  equal  to  the  Half-Tangent  of  4yd. 
50m*  the  Complement  of  the  Latitude  of  Cape  Cod 

3.  And  PD  equal  to  the  Half- Tangent  of  1  24d.  2  5m  (the 
Latitude  of  Cape  Bon  EJperance added  to  Cod)  by  Chap.  5.  SeB. 

I.  Prob.  6 .  Cafe  2  of  Spheric  Geometry ,  in  Pages  1 16  and  1 17. 

4  Then  by  chapter  5.  SeBion  t .  Problem  4  of  Spheric  Geome¬ 
try  (in  Pages  1 13  and  1 14)  through  Z  and  D  draw  a  Great- 

Circle.  *  *  _v  '  I 

5.  From  P  (by  Problem  5.  of  Spheric  Geometry  in  Page  114) 
let  fall  the  Perpendicular  PB,  tocutZD  in  B5  which  being 
meafured  on  the  Scale  of  Half -Tangents,  is  4od,  06m  the 
Complement  of  the  Arch’s  greated  Latitude 

6.  Then  draw  Lines  from  P,  each  tod,  didant  from  Z  j  as 
Pa,  Pc,  Pd,  Pe,  &c .  which  are  Meridians  each  rod.  of  Lon¬ 
gitude  from  one  another,  and  from  the  Meridian  of  Cape  Cod. 

7  Meafure  Pa,  Pc,  erej  on  the  Scale  of  Half-Tangents,  and 
it  flleweth  the  Complement  of  the  Latitude’s  of  the  Arch  at 
the  refpe£five  Places  a,  c,  d,  &V. 

Thefeare  found  by  Calculation  after  this  manner,  which  is 
in  allrefpefb  like  the  Work  of  the  laft  Problem. 

Firft ,  In  the  Re&angle  Spheric  Triangle  PBZ* 

1.  For  the  Leg  BP,  the  Complement  of  the  Arch’s  greateft 
Latitude  it’s  thus  5 

As  Radius  •  •  S.Hypot  P&  :  ;  S.  Angle  PZB  ••  S,  LegPB 
As  S  *>od.  *•  S  4yd.  50m.  : :  S.  <5 id.  21m.  S.  4od.  o£m. 
Which  fubtraR  from  — . .  > - ■—  9od.  00m. 

>waw..nW>  ••  m 

Refts  the  Arch’s  greatefl  Latitude  — —  4^d.  54m. 

2.  For  the  Vertical  Angle  FZR  it’s  thus  3 
As  Radius  *•  S.c.  Hypot.  PZ  t:  T.  AnglePZB  ••  T*c*AngleBPZ 
As  S.  90A  ••  S.  42d,  iom.  •  :  T.  ^id,  a  tm.  ••  T.  49d.  1 3m. 
Which  fubtraded  from  ~  ***™-*~— *  9od.  00m 

Refts  the  Vertical  Angle  BPZ  — - — —  — — -4od.  1 8rm 

Secondly ,  For  the  fevefal  Lati  tudes  at  a,  c,  d,  CT'c,  add  iod»- 
to  the  Angle  BPZ  (in  Continuation)  Eight  times  which  pro- 
duceth  the  fcveral  Vertical  Angles,  BPa,  BPc,  BPd,  e^r* 

T<y  I 


Chap.  VIII. 


To  the  Angle  BPZ- 
Add  the  Angle  ZPa< 


BP  a 
BPc 
B  Pd 

,  n  p 

Sum  is  the  Angle  <{  g  p  £ 


Great  Circle  Sailing  so 7 

Thefe  Vertical  Angl  es  be¬ 
ing  thus  found,  the  feverai 
Latitudes  of  the  Arch,  at 
d,  e,  f,  g,  h,  and 


a,  c. 


are  found  by  Chapter  5  Se¬ 
ction  4.  Problem  3.  Cafe  9,  of 
Spheric  Trigonometry  ReEtan- 
80*18  gular  •  the  Proportions  be- 
90.18  Ung  the  fame  as  before  in 
BPg  1 00. 1 8  \Cafe  2*  Problem  j.  of  this 
BP  h  1 10.1%  \  Chapter,  in  pages  193  and 
iBPi  /2o.i8;  £94,  as  follows. 

As  theRadius,  to  the  Sine  Complement  of  theVerticalAngle* 
So  is  the  Tangent  of  the  Arch’s  greateft  Latitude,  to  'the 
Tangent  of  the  Arch’s  Latitude  required.  Or  thus, 


$>  3pd.42m  :  :  T  49d. 

2  od  Aim  m 

d.  m. 
54m. ..  T.  37.11^ 

1 

1  r 

~  ""  '■  --  *"  1  1 ' 2  L  .  49  f 

aw 

nnn .  1 

•  I 

Ton  1  Xm  - - - 

Cu 

CD 

*  UU»  JL  (Jill 

6  nn  t  Mm  w*- .  — 

1 1*5.9  \ 

O 

i 

*»UU  »  l  O  ill  1  ■ 

3od.i  8  m 

22.23 

30.56^ 

1 

Thirdly,  For  the  Courfes,  and  DIftances,  they  are  found 
by  Chapter  4.  SeEfion  3.  Problem  2,  of  Mercator  s  Sailing }  in  Pages 
93>  and  94,  as  follows, 

For  the  Courfes,  the  Proportion  Is, 

Mer  Diff!  Lat.  •*  Diff  Long, : :  Radius  ••  I  .  Gourfe 

As3b9Min.  ••  c>ooMin. :  :T.4sd.  ••  T.  57d*ogm  S£.  from  Z  to  a 
485 

578 

66  o 

701 
S55 

574 


5 1  d.o;i 


.04m 
42<1. 1 6m 
4od.  2  6  m 


42  d.  30m 
46‘d.  16m 


«*  a95Min,  *^T645d.  ••T*49d,59ai 


loS 


Great  Circle  Sailing, 


Chap.  VII  i 


a.  For  the  Diftances,  the  Proportion  is 
As  Sc.  Gourfe  ••  Diff  Lat. : :  Radius  ..  Diflance  required. 
AsS.  3  2d.  57m—  299  min.: ;  S.  9od.  •*  550  Min*  from  Z  to  a, 
38d.  57m,  ••  403  « — — - *94rl  fa  to  c 


43d.  56m.  ••  5 19  «- 
47d*  44m.  ••  530  — 
4pd  34m*  ••  700  — ■ 
49d,  29m.  ••  698  — 
47d*  30m.  ••  6 24  — 
43d.  44m.  ••  513-- 
7>d.  10m.  ••  209* 


748  c  to  d 

851  d  to  e 

920  <  e  to  £ 

9,8>fr0m<If  to 

847 
724 
324/ 


g 

g  toh 
hto  i 

Vi  to  D 


"Which  place  orderly  as  in  the  Table  following  and  itsfuuftTcC 


1  !SJVjd 

Places 

Lati¬ 

tude 

MtriS 

dian 

Part 

z 

f— < 

a 

d  m 
42. 1  oN 

37  n 

Min 

2795 

2406 

c 

^0.28 

1921 

d 

,  c”  ^ 

2  *,49 

l  5 +  3 

e 

1  I.T9N 

1 

CO 

f 

OOiil  S 

2  T 

g 

1 1-5  9 

7*4 

h 

22.23 

137  9 

i 

20’  5  6 

^953 

6 

34.25  s 

2202 

Mer< 

Difference 

Difference 

Courfes 

D>ft- 

Diff' 

0] 

of  Lati 

rom  Place] 

Lat . 

Longitude 

tude 

to  Place 

j 

Places 

Min- id 

n 

d  m  rr. 

d  rn 

i 

Min 

389 

IO 

or 

60c 

4.59^299 

•S-  57  03 

e! 

5  5 1 

485 

JJO 

or 

6  00 

6  430^403 

S  5 1.03 

E 

441 

OO 

i 

10 

1 - 

or 

600 

8.3  9or  5 1  9 

.S  46.04 

E 

660 

10 

or 

600 

ro  340^630 

jS  42 16 

E 

851 

7°4 

\ 

JO 

or 

60  0 

l  1.400^700 

S  40  2  6 

E 

920 

703 

10 

or 

600 

ti.38or<5p8s  40  31 

E 

9  18 

Jji 

10 

- 

or 

600 

io.24dr(524S  42  30 

E 

847 

574 

IQ 

or 

600 

8  330^513 

S  44  16 

E 

742 

249 

4.5 

5  or  295 

3. 290^209 

S  49  50 

E 

324 

The  whole  Diftanceis  — — 554s 


Note-,  The  Arch  of  a  great  Circle  may  be  deferib’d  on  a 
Mercator's  Chart,  and  thereby  much  of  the  Calculative  Work 
may  be  (pared  3  for  having  the  feverai  Latitudes  of  the  Arch 
at  every  5,  or  10  Degrees  Difference  of  Longitude,  (by  Chapter 
4.  Seffion  1,  Problems  1  and  2,  of  the  Ufe  of  Mercator' s-Chart, 
in  Pages  84  and  85,)  thofe  Places  may  be  prick’d  down  in  the 
Chart,  and  then  with  a  Black-Lead  Pencil  draw  Lines  from 
place  to  place,  whieh  will  reprefent  the  Great  Circle,  and  by 
Problems  3  and  4S  of  the  Ufes  of  that  Charts  in  Page  85* 

the 
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the  Courfes,  and  Didances  from  each  other  may  be  found,  and 
at  any  time  thofe  Lines  may  be  wiped  out,  and  die  Chart  as 
fit  to  ferve  at  any  other  time1  as  before. 

So  that  any  Problem ,  being  thus  drawn, in  a  Were  at  oi  f  Chart 
the  nearer  the  Ship  fails  to  ir,  the  nearer  to  a  Great  Grek  (he 
makes  her  way  good,  and  confequentiy  the  fhorter  her  Paf- 
fage,  the  only  thing  Great-  Circle-Sailings  is  ufeful  for,  of  Which 
I  havefaid  enongh  to  explain  it. 

Thus  is  dni  filed  the  Thi  d  P  art  of  Navigation.)  Or  the  Third 
Kind  of  Sailing ,  and  now  we  pafs  on  to  Agronomy. 


CHAP.  IX.  Spheric  Trigonometry  applied  in  fiundry 
Agronomical  Problems,  ufeful  in  the  Art  of  Navigation . 


TITHAT  a  Sphere  or  Globe  is,  and  the  Circles  generally  drawn 
on  it  hath  been  taught  (Chapter  6t  Seffion  2,  and  5,)  in 
the  Defcription  of  both  Globes :  But  how  t'hefe  are  drawn  on 
a  Plane,  and  form  divers  Triangles,  from  whence  Multitudes 
of  ufeful  and  pleafant  Problems  may  be  framed,  is  our  prefent 
Work. 


Seflion  I.  Agronomical  Vefnitions. 

HO H E  Circles  drawn  upon  the  Sphere’s  Surface,  are  either 
**•  Great  or  Lefier  Circles. 

I  The  Great  Circles,  and  their  Poles  deferibed. 

Great  Circles,  are  thofe  which  divide  the  Globe,  or  Sphere 
into  two  equal  Parts,  and  are  principally  thefe  fix 3  the  Equi- 
noflial,  Ecliptic,  Meridian,  Horizon,  Azimuth,  and  Circle 
of  Longitude. 

1.  The  EquinoHial  is  a  Great  Circle  which  lies  in  the  Middle, 
between  the  two  Poles  of  the  World,  and  confequentiy 
each  Pole  is  90  degrees  diffant  from  it,  cutting  all 
Meridians  at  Right  Angles,  and  divides  the  World  into  the 
Northern  and  Southern  Hemifpheres,  as  the  Right  Circle 
jEAQ.*  Plate  7.  Fig .  i  and  2. 

The  Poles  of  the  World  are  two  fixed  Points  in  the  Hea¬ 
vens,  diametrically  oppofite  to  each  other,  the  one  in  theNortb- 
trn  Hemifpbere ,  called  the  ( Artie  or)  North  Pole,  the  other  in 
the  South  Hemifpbere ,  called  the  (Antartic  or)  South  Pole,  as  P 
and  I,  ,  Plate  7.  Fig.  1  and  2„ 

The  Axis  of  the  World,  is  an  immaginary  line  drawn  from 
Pole  to  Pole,  about  which  the  Diurnal  Motion  (as  fuppofedj 
from  EafttoWdh,  is  performed  3  as  PAL 

U 


a  The 


tio 


Aftrmicat  Problems]  Chap.  IX*. 

*•  The  Ecliptic  (is  a  great  Circle)  eroding '  the  Equino&ial 
in  (two  oppofite  Points,  the  beginning  of  Aries  2nd.  Libra ,  ma- 
king  an  (Anglecalled  its  Obliquity)  of  23d.  3om,as  the  Right 
Circle  by  ©A  VP.  Plate  7.  Figure  1. 

This  Circle  is  divided  into  Twelve  equal  Parts  called  Sig 
each  containing  3odeg.  whofe  Names  and  Characters  foil 


ns* 


Aries  Y 
Taurus  y 
Gemini 
Cancer 
Leo--—$i 
Virgo  Trj7 


n 


called 
Northern 
Signs 


Libra 

Scorpio  TJ|  /  j 
Sagittarius  t\*QiA 
Capricorn,  w(S0£hentn 
j  Aquarius  ^  '  *^nS 
I  Pi  fees  — — K 


The  Ztoaatck}  is  a  Zone  or  Girdle,  having  Eight  Degrees  of 
Latitude  on  each  ilde  the  Ecliptic  5  in  which  fpace,  the  Pla¬ 
nets  make  their  Revolutions,  being  divided  and  diftinguiftied 
by  the  twelve  Signs. 

The  Poles  oj  the  Elliptic,  are  two  oppofite  Points  23d.  30m* 
diftant  from  the  Poles  of  the  World  3  as  K,  and  L. 

3.  The  Meridians  (are  great  Circles)  palling  through  both 
Poles  of  the  World,  and  crofleth  the  Equinoctial  at  Right 
Angles,  as  PZEI,  and  PMI,  e tc,  Plate  7.  Fig*  1  and  2# 

TheCo!uresf  are  two  Meridians  dividing  the  Equino6tial  and 
Ecliptic  into  four  equal  Parts  3  one  of  thefe  pafTcth  by  the 
Equinoctial  Points,  Aries  and  Libra  ,  and  is  called  the  Equi¬ 
noctial  Colure,  as  PAI.  Plate  7,  Figures  1,  and  2. 

The  other  paffeth  by  the  beginning  of  Cancer  and  Capri¬ 
corn,  and  is  called  the  Soljlltial  Colure ;  as  P  <5  jEI  Y?  Q:  Plate 
7.  Figure  !• 

The  S uns  Meridian ,  is  that  Meridian  which  pafleth  over  the 
Sun’s  Center. 

A  Star’s  Meridian,  is  that  Meridian  which  pafleth  thro’  the 
middle  of  that  Star. 

4*  The  Horizon  is  a  great  Circle  90  Degrees  diftant  from  the 
Zenith  and  Nadir,  cutting  all  Azimuths  at  Right  Angles,  and 
dividingthe  World  into  two  eqnal  Parts, the  upper  and  vifible 
Hemifphere,  and  the  lower  and  invifible  Hemifphere.  This 
Circle  is  reprefented  by  the  Right  Circle  SAB*  Plate  7.  Fig*  2. 

T  he  Z cnith  and  Nadtr,  are  two  Points  diametrically  oppo¬ 
site,  and  are  the  Poles  of  the  Horizon  :  The  Zenith  is  the 
Vertical  Point,  or  Point  right  over  our  Heads  as  Z  :  The 
Nadir  is  direCtly  oppofite  thereto,  as  N»  Plate  qr  Fig.  2. 

The  Azimuth ,  or  Vertical  Circles ,  (are  great  Circles)  con¬ 
curring  and  interfering  each  other  in  the  Zenith,  and  Nadir, 

and 
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and  crofs  fheHorizon  at  Right-angles,  as  ZCN,  and  ZAN,e?A, 

The  Prime  Vertical)  is  that  Azimuth  Circle,  which  pafteth 
through  the  Eaft  and  Weft  Points  of  the  Horizon,  as  the 
Right  Circle  ZAN. 

The  Meridian  of  a  Place,  is  that  Meridian  which  pafteth 
thro*  the  Poles  of  the  World,  and  the  Zenith  and  Nadir  of 
the  faid  Place,  as  Z  P  B  N  I S  M  Z,  Plate  7,  Figure  2. 

6.  Circles  of  Longitude,  ( are  great  Circles)  interfering  each, 
other  in  the  Poles  of  the  Ecliptic,  as  K  AL,  and  K  V 
Plate  7.  Figure  1. 

II.  The  Lejfer  Circles  defined. 

iLeJferot  Small  Circles ,  are  thofe  which  divide  the  Sphere  in¬ 
to  two  equal  Parts,  and  are  drawn  parallel  to  feme  great 
Circle,  and  therefore  are  called  Parallel  Circles  3  and  are  ot 
three  kinds,  viz%  Parallels  of  Declination,  Parallels  of  Latitude + 
and  Parallels  of  Altitude . 

1.  Parallels  of  Declination ,  Care  fmall  Circles)  parallel  to  the 
Equino&ial,  imagined  to  pafs  thro*  every  Degree  and  Minute 
of  the  Meridian,  between  the  Equinoctial  and  each  Pole  of 
the  World,  as  ©  f  g,  and  Vfn  i,  Plate  7.  Figures  1  and  2 : 

The  Tropic’s  are  two  Parallels  of  Declination  23d.  3cm.  di¬ 
stant  from  the  Equino&ial limiting  the  Sun’s  greateft  Decli* 
nation. 

The  North  Tropic ?  pafleth  by  the  beginning  of  Cancer  and  is 
called  the  Tropic  of  Cancer  5  as  ©  f  g  Plate  7.  Fig*  1,  and  2» 

The  South  Tropic,  pafteth  by  the  beginning  of  Capricorn,, 
and  is  called  the  Tropic  of  Capricorn  •  as  yf  h  i.  Plate  7.  Figure  $ 
i,  and  2. 

The  Polar  Circles  are  two  Parallels  of  Declination,  66dj 
30m.  diftant  from  the  Equinoctial,  and  2  3d.  30m.  from  each 
Pole  of  the  World. 

That  which  is  adjacent  to  the  North  Pole  is  called  the  Ar¬ 
tie  Circle  j  as  K  n  o  :  and  the  other  the  Antartic  Circle  3  as 
Lp  r,  Plate  7.  Figures  1  and  2. 

2.  Parallels  of  Latitude  are  CSmal!  Circles)  parallel  to  the 
Ecliptic,  imagined  to  pafs  through  every  Degree  and  Mi¬ 
nute  ot  the  Colurcs,  between  the  Ecliptic  and  the  Poles  there* 
of  as  w  x  y. 

3.  Almic anthers,  or  Parallels  of  Altitude,  are  fmall  Circles 
parallel  to  the  Horizon,  imagin’d  to  pals  through  every  De¬ 
gree  and  Minute  of  the  Meridian,  between  the  Horizon  and 

the  Zenith  i  as  a  1 1*  Plate  7.  Figure  z> 

O  z  Theis 


\ 
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Thefe  Definitions  compar’d  with  Chapter  6.  SeBion  4.  (of 
the  Ufe  of  the  Celefiial  Giobe,  in  Pages  168,  and  1159.)  and 
well  confider’d,  will  make  way  for  the  undemanding  the  fol¬ 
lowing  Problems. 

$e£t,  II.  -Spheric  Trigonometry  Re  ft  angular,  applied  in  AHronomt - 

cal  Problems,  ufeful  in  Navigation . 

AN  P  becaufe  the  Sun’s  Place  in  the  Ecliptic,  is  the  ground 
of  the  fucceding  Problem.*,  you  have  here  (out  of  Mr. 
Tho.  Streeps  Memorial  Verjes  on  the  Ecclefiaflical  and  Civil  Ka- 
kndar)  a  General  Rule^  which  for  common  Ufes  may  ferve, 
and  is  as  follows. 


I.  To  k,noiv  the  Day  of  the  Month  the  Sun  entereth  any  of  the 
Twelve  Signs. 

The  Rule ,  Twice  9,  twice  10,.  4  Twelves,  11  ; 

Then  ioi  then  9,  then  8  or  7  : 

That  is,  counting  March  the  firflt  Month,  the  Sun  enters 
T  March  9  Si  July  *-—-12  t  November  11 

££  April  9X  ^  Auguufl —  1 2  Vf  December  IO 

jx  May  10  gz  September  12  January  9 

Sp  June  10  D1  Oflober  12  X  February  8 


2.  To  find  the  Degree  of  the  Sun  s  Place  on  any  given  Day. 

The  Rule.  Prom  the  Day  of  the  Month  given  (if  you  can) 
fubtraft  the  Day  of  his  Entrance  into  the  Sign  of  that  Month, 
the  Remainder  is  the  Degree  of  the  Sun’s  Piace  in  that  S ign. 
Or  elfc,  '  '  , 

When  you  can’t  fubtra£l,  add  50  to  the  Day  given,  and 
from  the  Sum  fubtradl  the  Day  of  the  Entrance  into  the  Sign 
of  that  Month,  the  Remainder  fhall  be  the  Degree  of  his  Plage 
in  the  Sign  preceeding  the  Month  given. 

Example *  I .  March  20th  t  l  defire  to  know  the  Suns  Place  f 
From  March  the  20th,  the  Day  given,  fubtraft  the  Sun’s 
Entrance  Y  March  9. 

The  Remainder  11  is  the  Degree  of  the  Sun’s  Place  in  v 

Example  2.  May  the  4*/?,  I  defire  to  know  the  Sun’s  Place  ? 
To  the  Day  given  May  the  4 
Add——— jr  -  ~ 1  5® 

Sum  is— ——-.34  from  which 
Subtraft  the  Suns  Entr.  into  U  May  jo 

Remainder  ts  the  Sun's  Place  2  4  Degrees 


Preb- 


I 
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Problem *  1.  The  Sun  s  Place  in  the  Ecliptic,  and  his  great&ft 
Declination  given  -  to  find  his  Right  Akeniion,  and  pre~ 
fent  Declination.  ‘  ' r 

De]’ nit  ion  I.  ^fcmfion,  is  the  Rifing  of  the  Sun,  Star  or  any 
part  of  the  EquinodKal  above  the  Horizon  ;  and  Defcenfion 
is  the  Setting  thereof. 

2.  Right  sZjcenfiMy  is  an  Arch  of  the  Equinoaial,  intercented 
between  the  beginning  ot  r,  and  any  Meridian,  and  counted 
according  to  the  Order  or  Succeffion  of  the  Signs  :  Or,  it's 
tnat  Degree  and  Minute  of  the  Equincxfhai  (counted  as  before) 
which  cometh  to  the  Meridian  with  the  Sun,  Star,  or  with 
any  partpf  the  Ecliptic  ;  as  AM.  Plate  7.  fig.  j. 

3*  Declination,  is  an  Arch  of  a  Meridian  contained  between 
the  Sun,  or  Star's  Center,  and  the  EquinoSial,  as  MC. 

4.  The  Sun’s  greateft  Declination  is  an  Arch  of  the  Solftitial 
Colure,  counted  between  the  Equinoaial  and  the  Ecliptic, 
and  is  23d.  30m.  as  JE  ©,and  Q„  vf.  Plate  7.  Fig .  r. 

Example .  The  Sun  in  Taurus,  15m,  I  demand  his 
Right  Akeniion,  and  Declination. 

In  the  Reaangle  Spheric  Triangle  AMO,  Plate  7.  Fk.  T.: 

1.  AMC  the  Right  Angle. 

2.  AC  the  Sun  s  Longitude  from  the  next  Equinoaial  Point 

3.  AM  his  Right  Afcenfion  from  the  fame  Point. 

4.  MAC  the  Sun’s  greateft  Declination  equal  to  23d,  30m. 

5.  MC  his  prefent  Declination. 

Note  •  The  Sun  in  T,  n,  yg,  X,  the  neared  Equi¬ 
noaial  Point  is  the  beginning  of  T  :  But  when  the  Sun  is 
in  2*>  or  theneareft  Equinoaial  Point  is 

So  that  in  this  Problem  the  Sun  being  in  X3  ^d.  1 5m.  he 
is  54&  *  5m'  from  the  neareft  Equinoaial  Point  y\ 

To  projea  this  Problem  Surograpbitally  on  the  Plain  of  the 
Solffitial  Colure; 

i.  Defcribethe  Primitive  Circle  with  a  Chord  of  <So  Degrees, 
and  quarter  it,  with  two  Right  Circles,  jSAQ_(the  Equino¬ 
aial)  and  PAI  (the  Equinoaial  Colure)  placing  A  at  the  Cen¬ 
ter  of  the  Primitive  Circle,  which  now  is  the  Solffitial  Colure, 
2i  Make  (by  Problem  1,  Cafe  r.  of  Spheric  Geometry ,  in 
Page  112)  the  Angle  equal  to  23d,  30m.  (the  Sun’s 

greateft  Declination)  by  laying  the  Chord  of  it,  from  M  to 
and  drawing  the  Right  Circle  SB  Ay$  the  Ecliptic. 

3.  The  Ecliptic  is  divided  into  the  12  Signs,each  being  3od. 
from  the  Scale  of  Half-Tangents,  by  Problem  6 .  Cafe  2.  of  Spbe~. 
Thai  Geometry  in  Pages  116  and  117. 
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4.  ,0n  the  Ecliptic  make  AC  equal  to  15m,  from  th 
Scale  of  Half-Tangents  by  the  fame  Problem  6.  Cafe  2. 

5  Then  (by  Chapter  5.  SeBion  1.)  Problem  5.  Cafe  3  of  Spke-< 
ric  Geometry y  in  Page  115,  draw  from  C  a  great  Circle  per¬ 
pendicular  to  ifiAQ.,  as  is  the  Oblique  Circle  PCMl,  to  cut 
|  in  M,  and  its  done. 

For  in  the  Re&angle  Spheric  Triangle  AMC,the  Legs  AM, 
and  MC  are  the  two  1  hings  required,  and  may  be  meafured  by 
Chapter  5.  SeBion  1.  Problem  7.  Cafes  2  and  3.  of  Spheric  Geometry. 
in  Page  118.  ' 

But  by  Spheric  Trigonometry ,  having  the  Hypotenufe  and  one 
Angle  given,  the  Proportions  are  as  follow. 

I.  To  find  the  Sun’s  Right  Alcenfion,  by  Chapter  5.  SeBion 
4-  Problem  2.  Cafe  5.  of  Spheric  Trigonometry  ReBangulari  in 
R ages  1 3 6  and  157,  it’s  thus  3 

As  the  Radius  is  to  the  Sine  Complement  of  the  Sun’s  greats 
eft  Declination  3 

So  is  the  Tangent  of  the  bull’s  Longitude  from  the  neareft 
Bquinpffial  Point,  to  the  Tangent  of  his  Right  Afcenfion, 
from  the  faid  Point,  Or  thus  3 

As  Radius  ••  S.c  Angle  MAC  : :  T.  Hypot.  AC  ♦  •  T.  Leg  AM. 
As$.  $od.  "  S  66 d.  30m.  ::  T.  54d.  15m.  *»T.  5id.  52m. 

Note  3  This  Proportion  finds  the  Sun’s  Right  Afcenfion  only 
when  he  i  in  the  firft  Quarter  of  the  Ecliptic  3  that  is,  in 
T  or  xl:  But  when  the  Sun  is  in  thefecond  Quarter  S, 
fL?  or  it  muft  be  fubtra&ed  from  i8od.  and  when  he  is 
in  t£s,  ttl,  or  ir  muft  be  added  to  i8od.  and  in  the  laft 
Quarter  v?  *£  or  X,  that  found  by  this  Propotion,  muft!  be 
fub traced  from  3dod.  and  lo  will  you  have  the  Sun’s  Right 
Afcenfion  from  V  (for  any  Place  in  the  Ecliptic)  defired. 

2.  To  find  the  Sun’s  prefent  Declination,  by  Chapter  5:  Se~ 
Bion  4  Problem  2.  Cafe  4.  of  Spheric.  Trigonometry  ReBangularj, 
in  Page  1  3  6,  it’s  thus  3 

As  the  Radius  is  to  the  Sine  of  the  Surfs  Longitude  from 
the  neareft  Equino&ial  Point  3 

So  is  the  Sine  of  his  gteateft  Declination,  to  the  Sine  of  the 
fun’s  prefent  Declination.  Or  thus  3 
As  Radiys  y  S.  Hypot  AC::  S:  Angle  MAC  ••  $•  Leg  C  M. 
As  S»  pod’ ••  S.  $4d*  15m.  ::  S.  23d  30m.  **S.  i£d.  51m* 

Note  •  The  Sun  being  in  any  of  the  North  Signs,  Y,  EL 
® »  ft,  of  his  Declination  is  North  3  but  when  in  any  of 
the  Southern  Signs  Vlf  $ ,  W,  or  X,  his  Declination  i& 
wouth. 

In  this  Reflangle  Spheric  T riangle  AMC  (Plate  7.  Figure  1.) 
Uiay  the  two  next  fuccccding  Problems  be  refolved 
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Problem  2.  Lfo  Sun’s  Right  Afcenfion  given  3  fo  find  his  place 
in  the  Ecliptic ,  his  Declination  ? 

Example.  The  Sun’s  Right  Afcenfion  I2  8d.  9m.  if  his 
Place  in  the  Ecliptic ,  czW  is  his  Declination  ? 

Here  is  one  Leg  and  its  adjacent  Angle  given  :  to  wit,  the 
Leg  AM  5 id.  51m.  the  Right  Afcenfion  (fubtra&ed  from 
i8od.  and  Angle  MAC  23d.  30m,  the  Sun’s  greateft  Declina¬ 
tion  3  which  Triangle  is  made  by  Problem  it-  of  Spheric  Trigo* 
nometry  Geometrical  in  page  125.  and  its  Solution  is  by  Chapter  5 9 
SeBion  4.  Problem  3.  Cafe  7,  8,  and  9.  of  Spheric  Trigonometry 
ReBangular ,  in  Pages  137,  and  138,  thus  3 

r.  For  the  Sun’s  Place  in  the  Ecliptic,  it’s  thus  3 
T*  Leg  AM  ••  Radius : :  S.c.  single  MAC ..  T.c.  Hpot.  AC  or 
AsR adius  ..S.c  Ang  MAC  ::T.c  Leg  AM  ••  T.c.Hipot.AC  reqi 
AsS.pod. ..  $.66d.  30m.  ::T.  3 8d-  09m.  ».T.?5d.  45m. 

Which  fuhtrad from- — — -  ■  ■—  9od.  00m. 

Refteth  the  Sun’s  Longitude  «  ■  — — 1 54d.  14m,  want- 

ing  of  fa  that  his  Place  is  5d.  45m.  in 

2.  For  his  prefent  Declination,  it’s  thus  3 
AsT.c.  Angle  MAC  ••  Radius: :  S.  Leg  AM  ••  T.  Leg  MC,  Of 
As  Radius  ••  S.LegAM  ::  T.  Angle  MAG  ..  T.  Leg  MQ 
S.  9od.  ••  S.  5  id?  51m  : :  T°  23d.  30m,,  ..  T.  i8d.  5  itn,  the 
Sun’s  Declination  North  decreafing.  ' 

Problem  3.  The  Sun’s  Declination  given  3  to  find  his  Place  in  the 

Ecliptic  and  Right  Afcenfion* 

Example.  The  Sun’s  Declination  l6d.  3Pm-  South  increafmgi 
I  demand  his  Place  in  the  Ecliptic,  and  his  Right  Afcenfion. 

Here  is  a  Leg  and  its  oppofite  Angle  given  3  that  is,  the 
Angle  MAC  23d,  30m*  the  Sun’s  greateft  Declination,  and  the 
Leg  MC  i6d.  39m.  his  prefent  Declination,  which  Triangle  is 
made  by  Prob.  13.0/' Spheric  Trigommetry\G  eometricaly  in  page  1 263 
whofe  Solution  is  by  Chap.  5.  SeB.  4;  Prob9  4.  Cafe  10  and  j  2*  of 
Spherical  Trigonometry  ReBangular ,  in  Pages  i  38  and  139*  thus  3, 
1.  To  find  his  Place  in  the  Ecliptic ,  it’s  thus  3 
As  S*  Angle  MAC  Radius : :  S.  LegMC  «  S.  Hipot.  AC 
As  8.23d*  30m.  ••  S.  9od.  : :  S.  i6d.  39m,  ••  S*  45d.  56m,  th^ 
Sun’s  Longitude  beyond  £2,  becaufe  his  Declination  is  South 
increafing  5  fo  that  the  Sun^s  Place  is  1  fd,  56m.it!  AN 
3.  For  his  Right  sifcenfion  it’s  thus  5 
Radius  •*  T  c.  AngleM AC : :  T»  Leg  MC : .  S.  Leg  AM, 

T*45d-  ..T.66d,3pm.  ::  T.  i6d  39m.  S.  43d.  27m, 

which  add  .  tcw***mmo*m*~  'li^'Tanycw-*^.  1 8od.  ©oni. 

The  <§umis  the  Suns  Right  Afcenfion**"  ^ 
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Problem  4.  The  Latitude  of  a  Place,  and  the  Sun's  Declination  ri¬ 
ven  $  to  find  his  .Amplitude  and  Afcenfional  Difference. 

Definition  1.  Latitude  of  a  Place,  or  Latitude  upon  the  Earth* 
is  an  Arch  of  the  Meridian  of  that  Place,  contained  between 
the  Zenith  (of  that  Place)  and  the  Equinoctial,  as  Zi£  ;  equal 
thereunto  is  the  Height  of  the  Pole  above  the  Horizon,  as 
BP,  Plate  7.  Fig  z.  ■ 

2.  Amplitude,  is  an  Arch  of  the  Horizon,  contained  between 

the  Ecliptic  and  the  Equmo£Eai,  and  fheweth  how  far  the 
.Sort,  or  any  Star  rifeth,  or  fetteth  from  the  Eaft,  or  Weft 
Points  of  the  Horizon  ;  as  AR,  Plate  7.  Fig%  2,  * 

3.  Afcenfional  Difference f\s  the  Difference  between  the  Right 
Afcenfion,  and  the  Oblique  Afcendon.  or  Defceniion  :  Or  it’s 
an  Arch  of  the  Equino£Iiai  contained  bet  ween  the  Hour  Circle 
of  fix  a  Clockj  and  that  Meridian  which  paffeth  by  the  Sun  or 
Star’s  Center,  or  any  Point  of  the  Ecliptic^  in  their  Riling, 
or  in  their  Setting, 

4.  Oblique  ^  \  '1S  m  Arch  of  the  EquinoTial,  con¬ 

tained  between  the  beginning  of  Y',  and  that  part  of  theEqui- 

C  Rifeth  1  ‘  ■  1 

no6lial  that  *s  ^*w*£*n  Center  of  the  Sun  or  Star,  or 

with  any  point,  part,  or  portion  of  the  Ecliptic ,  in  ah  Oblique 
Sphere, 

cL  m.  Example » 

Utltu,1e  j  f  3 »  V N  h  ;vm  what  ■  hu  C  Amplitude, 
oun  s  Dec.  25  30  i  6  5  £  A feenf.  Differ. 

In  the  Re£Iangle  Spheric  Triangle  PBR.  Plate  7,  Fig.  2. 

1.  PBR  the  Re£Iangle. 

2.  PB  the  Latitude,  or  Height  of  the  Pole  above  the  Ho¬ 
rizon. 

3.  PR  the  Complement  of  the  Sun's  Declination. 

4.  BR  the  Complement  of  the  Sun's  Amplitude 

5.  BPR  the  Complement  of  the  Sun's  Afcenfional  Difference 

To  proje<R  it  Sterographically  on  thePl^in  of  the  Meridian. 

t.  The  Primitive  Circle  being  deferibed  and  quartered  as 

(formerly)  with  two  Right  Circles  SAB  the  Horizon,  and 
(ZAN)  the  Prime  Vertical  3  with  A  at  its  Center.  Plate  7, 

2.  On  the  Primitive  Circle  lay  the  Latitude  5 1  <d.  32m.  from 
B  to  P,  and  from  Z  to  JE,  (by  Problem  6.  Cafe  j.  of  Spheric  Geo¬ 
metry,  in  page  116 )  and  draw  the  two  Right  Circles  PAI  for 
the  Axis  of  the  World,  and  Hour-Circle  of  Six*  and  JEAQ^ 
the  Equinoftial. 

'  z.  Then 
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3.  Then  (by  Problem  9.  Cafe  2.  of  Spheric  Geometry t  in  page t 
if  1;  draw  eg  ®  UR  g  parallel  to  jEAQ^at  a^d.  3cm.  the 
given  Declination)  from  it,  to  cut  the  Horizon  SAB  in  R>  the 
Place  of  the  Sun’s  Riling  and  Setting 

4.  Through  P,  R,  and  I,  draw  an  Oblique  Circle  and  it’s 
done:  For  in  the  Re&angle  Spheric  Triangle  PER,  the  Leg 
BR,  and  Angle  BPR  are  the  two  Things  required,  aad  may 
be  meafured  by  Problems  7,  and  8,  of  Spheric  Geometry,  in  pages 
1 1  7,  1 18,  and  1 19. 

But  by  Trigonometry,  having  the  Hypothenufe  PR 
30m.  and  Leg  BP  5  id.  32m.  given,  the  Proportions  byC hap- 
5-  SeHion  4.  Problem  1 .  Cafe  i,  and  3.  of  Spheric  Trigonometry 
Reif angular,  in  pages  135  and  13  d,  is  thus : 

i.  To  find  the  Sun  $  Amplitude,  the  Proportion  is, 

As  the  Sine  Complement  of  the  Latitude,  is  to  the  Radius, 

So  is  the  Sine  of  the.&oPs  Declination,  to  the  Sine  of  his 
Amplitude.  .  Or  thus ;  *  •  • 

As  S.c.  Leg  BP  -  Radius : :  S  c.  Hyp.  PR  ••  S.c.  Leg  BR. 

As  S  q8d. 28m,  ..  S.  9od. : :  S.  23d.  30m.  ..  S.  39^  52m, 

Note ,  The  Amplitude  and  Declination  are  ever  of  one 
Name  3  that  is,  both  North  or  both  South. 

2.  To  find  the  Afcenfional  Difference,  the  Proportion  is; 

As  the  Radius,  is  to  the  T  angent  of  the  Latitude  3 

So  is  the  Tangent  of  the  Sun  s  Declination,  to  the  Sine  of 
the  Suns  Afcenfional  Difference.  Or  thus  3 
As  Radius ..  T.  Leg  BP  ; :  T.  c.  Hyp.  PR  ..  S.c.  Angle  BPR; 
As T-45d  ..  T.5  id.^am  : :  T,  23d.  30m.  ».  S*  33d.  11m.  the 
Sun’s  Afcenfional  Difference. 

Problem  5.  The  Latitude  of  a  Place,  and  the  Sun’s  Declination 
given  ;  to  find  the  Oblique  Afcenfion  or  Defcenfion* 

The  Rule.  1,  Find  the  Right  Afcenfion  by  Prqblem  3.  and  the 
Aicenfional  Difference  by  Problem  4.  Then, 

2.  When  the  Latitude  and  Declination  are  both  North,  or 
both  South,  theAfcenfional  Difference  added  to,  and  fubtra£l- 
ed  from  the  Sun’s  Right  Afcenfion,  the  firft  is  the  Oblique 
Defcenfion,  the  latter  the  Oblique  Afcenfion. 

3.  When  the  Latitude  and  Declination  is  one  North,  and 
the  other  South,  add,  and  fubtraff  as  before  5  the  firft  is  the 
Oblique  Afcenfion,  and  the  latter  is  the  Oblique  Defcenfion. 

Note  3  When  you  cannot  fufctrafl,  add  360  Degrees  to  the 
Right  Afcenfion,  and  then  fubtraPf,  alfowhen  you  have  added8 
if  the  Sum  exceed  360  Degrees,  fubtrafi  3^0  Degrees  there¬ 
from;  the  Remainder  is  the  Thing  required. 

Exampk 
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Example.  Latit.  5  id.  32m.  North - — -V  •  l  • 

Sun's  Declin .  15  c!.  4cm.  South  decreafing  w  at  ts> 

bis  Oblique  Afcen{iona»<d  Defcenfion  ? 

1.  For  his  Right  Afcen^ion,  it’s  thus  3 
As  Radius  ••  T«c*  Angle  MAC  : ;  T*  Leg  MC  **  S.  Leg  AM 
AsT.  45d. ..  T.  66d<  50m.  :  :  T.i  5d.  40m.  •;  S.  4od.  04m, 
Which  fubtra&ed  from™-" — — — —  3<Sod  com. 

-  I  M-IIM  ■■  uni  1  ■■  1  ■  |i  - 1 

Remainder  is  the  Sun’s  Right  Afcenfion — — 3  19c!.  5 6tro  V 
2’  For  His  ^fcenfional  Difference ,  it’s  thus  3 
AsRadius  •»  T.Latitude  :  :T.  Declin.  ..  S.QAfcenfionalDif- 
As  T.45d.  "  T.srd  32m, : :  T.  I5d.  40m,  -  S.  20  41 

Right  Afcenfion  before  found  .  319  56  from  V 

Added  is  the  Oblique  Defcenfion- - 340  37 

Subtracted  is  the  Oblique  Afcenfion——  299  15 


Problem  6.  The  Latitude  and  the  Suns  Declination  given  *  to  find  the 

Sun’s  Rifing  and  Settings  and  the  Length  of  the  Day  or  Night  ? 

T he  Rule .  1.  Find  the  Sun’s  Afcenfional  Difference  by  Prob¬ 
lem  4.  in  pages  216,  and  217,  which  reduced  into  Time,  by 
allowing  as  hereunder, 

1 5d.  com.  J  r  i-~  Hour— — 

id.  00m  >for  i  c.04  Minutes  >of  Time  3 

od.  15m.  3  C  0,0  r  Minute  j> 

2.  The  Sun’s  Afcenfional  Difference  (being  reduced  into 
Hours  and  Minutes)  added  to,  and  fubtraCfed  from  fix  Hours, 
the  one  is  Sun-Rfingy  and  the  other  is  his  Setting • 

When  the  Latitude,  and  Declination  are  both  North, 
or  both  South  3  the  Sun  rifes  before,  and  fets  after  Six.  But 
if  one  be  North,  and  the  other  South  3  he  then  rifes  ^fter,and 
fets  before  Six  of  the  Clock. 

3.  Double  the  Time  of  the  SumSetting  gives  the  Length' 
of  the  Day,  alio  double  the  Time  of  Sun-Rifing  gives  the 
Length  of  the  Night. 

Example.  In  Latitude  5 id.  32m.  North,  and  the  Sun’s  De¬ 
clination  23d.  30m.  North  3  the  Sun's  Afcenfional  Difference, 
by  Problem  4.  is  33d.  urn.  equal  in  Time  to  z  Hours  z  3  Minutes , 
Ttier efior e  the  ’Worl[  is  as  follows - 


d.  m.  6  Hours, 

Ajcen.  Diff.  33.  1  j.  Or  2  13  h.  m. 

Add,  is  Sun-Setting  8.13  And  Length  of  the  Day  16,1$ 
Subtrad,  is  Sun- Rifing  3,47  And  Length  of  the  Night  7,34 


Seft.  II.  ydflronomical  Pvollems.  Sip 

In  the  lame  Re&angie  Spheric  Triangle  P  BR  ( Plate  7® 
figure  2.)  may  the  five  next  following  Problems  be  refolved  5 
which  is  for  the  Learner’s  Exercife. 

problem  7.  Latitude  ot  aGPlace,  and  the  Sun’s  Afcenfional  Dir* 

ference  given  3  to  find  his  Declination  and  Amplicude. 

r  ,  *  *pi  C  Latitude  - 
Example.  The  |S,Jn  rifeth 


at 


4id.  47m.  South 
7d  50m. 


Here  is  a  Leg  and  its  adjacent  Angle  given  3  that  is,  the 
Leg  BP  4id.  17m.  the  Latitude,  and  the  Angle  BPR  4h.  50m. 
or  67d:  30m.  the  Complement  of  the  Sun’s  Afcenfional  Diffe¬ 
rence  5  which  -Triangle  is  made  by  Prob .  1  2.  oj  Spheric  Trigono¬ 
metry  Geometrical,  in  Page  125,  and  for  its  Solution,  fee  Chapter 
^SeBion^..  Problem  3.  Cafes  8  and  9,  of  Spherical  Trigonometry 
ReBangular,in  Pages  137  and  138,  is  thus  3 

1  For  the  Sun’s  Declination,  it’s  thus  ; 

AsRadius  ••  S.  ©  Afc*  DIET. : :  T.c.  Latitude  *•  T*  ©  Decl.  req. 
As  S.  9cd  -  S.  szd.  30m.  ::T.  48d.  13m.  ••  T.  23d.  1  im.  N 
2.  For  the  Sun’s  Amplitude,  its  thus  3 
As  T.  O Afc.  Diff  ••  Radius;:  S.  Latitude  •»  T.c.  ©Ampli.  Or 
As  S.  Latitude  •»  RadiuvS : :  T  c.  ©  Afc., Diff.  ••  T.  ©  Amplit. 
As  S*4id.  47m  ..  S.  pcd- : :  T.  22d.  30m.  ••  T,  3  id.  52m.  N. 

Problem  8.  Latitude  and  Sun’s  Amplitude  given  5  to  find  his 
Declination  and  Afcenfional  Difference. 

-  ,  C  Latitude— 3<*d.  17m.  North 

Example.  The  <jun>s  Altitude- 1  <?d,  1  im.  South 

Here  are  both  the  Legs  given  ;  that  is  the  Leg  SI  gtfd.  17m* 
the  Latitude,  and  the  Leg  SR  7od.  49m.  the  Complement  of 
the  Sun’s  Amplitude  3  which  Triangle  is  made  by  Problem  1 4, 
of  Spheric  Trigonometry  Geometrical ,  in  Page  127,  and  its  Solution 
is  by  Chapter  5.  SeBion  4.  Problem  §>  Cafes  13  and  14,  of  Spheric 
Trigonometry  ReBangula r,  in  Pages  1 39  and  14°)  this  manner. 

1.  For  the  Sun’s  Declination,  thus  3 
AsRadius  ••  S.c.  Latitude S.  0  Amplit.  ••  S.©  Declinat.  req. 
As  S*  S>od-  -  S*  53d.  43m. :  *•  S.  I9d.  1  im.  "  S.  1 5d.  2  imSouth 
2.  For  his  Afcenfional  Difference,  thus  5 
As  T.c.  ®  Am*  ••  Radius : :  S.  Latitude  *•  T*  ©Afc.  Differ.  Ji, 

As  Radius  *.S.Latit  ::T.0  Amplit.  -T.  O  A^.  Differ. 

As  90  deg.  ••  S.560i 7" :  **T.  19d.11m.-T.  11d.38m.oroh.47m 

Problem  9.  The  Sun’s  Declination,  and  Amplitude  given  3  to 
find  the  Latitude  and  Sin  s  Afcenfional  Difference. 

_  .  c  ,  £  Declination — — —19 <1.  tom*  South, 

Example  The  -un  s*>  Amplitude  — —  jid.  30m*  South- 

Y  J  ■  Hcte 
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Here  is  the  Hypotenufe,  and  one  Leg  given  ;  for  which  fee 
Problem  io  .of  Spheric  Trigonometry  Geometrical ,  in  page  1 23,  and 
Chapter  5.  ScBion  4.  Problem  1.  Ca/c  2  and  3.  of  Spheric  Trigonome¬ 
try  Re8angulary  in  Pages  135  and  136,  for  its  Solution* 

3  The  Latitude  may  be  either  North,  or  South,  in  this 
Problem. 

Problem  io*  Sun’s  Declination  and  Afcenfional  Difference 

given  3  to  find  the  Latitude,  and  his  Amplitude., 

r  n  %  Declination  - - » - —  23d,  30m.  South 

Example.  Sun  $fctteth  - - jh.  |om. 

Here  is  the  Hypotenufe  and  one  Angle  given  ;  for  which 
{ce Problem  1 1.  fef  SphericTrigonometry  Geometrical ,in  Pages  124  and 
125,  and  Chapter  5.  SeBion  4.  Problem  2.  Cafes  4  and  5,  of  Spheric 
Trigonometry  ReBangular  ,m  Pages  13  6  Sc  137.  For  its  folution. 

Problem  n.  Sun’s  Amplitude,  and  Afcenfional  Difference  gi¬ 
ven  3  to  find  the  Latitude  and  His  Declination. 

Sun  iSirJir-SZZL  ^“No”1' 

Here  is  one  Leg,  and  its  oppofite  Angle  given,  for  which 
fee  Problem  13.  of  Spheric  Trigonometry  Geometrical,  in  Page  126, 
and  Chapter  5.  SeBion  4.  Problem  4.  Ca/W  10  and  12,  of  Spherical 
Trigonometry  ReBangular,  in  Pages  138  and  139.  For  the  Pro¬ 
portions. 

Problem  12.  The  Latitude  of  a  Place,  and  the  Sun’s  Declination 
given  3  to  find  his  Altitude,  and  Azimuth  at  the  Hour  of 
Six* 

Definition  1.  Altitude  is  an  Arch  of  an  ‘Azimuth  Circle  con¬ 
tained  between  the  Horizon  and  any  Parallel  of  Altitude  3  as 
b  f.  Plate  7.  Fig  2. 

2;  Azimuth,  is  an  Arch  of  4the  Horizon,  contained  between 
the  Meridian  of  the  Place,  and  any  Azimuth  Circle.  Or  con¬ 
tained  between  the  Prime  Vertical  and  any  other  Azimuth  Cir¬ 
cle  3  as  A  b»  Plate  7.  Fig .  2. 


C  Latitude 


5  id.  32m 


23d.  30m 


North 

•  •  £ 


Example.  The  £  Sun’s  Declination- 
Note  3  At  6  of  the  Clock  the  Sun  is  upon  the  Axis  PAI 
In  the  Reflangle  Spheric  Triangle  A  b  f  (Plate  7.  Fig,  2.) 
is  to  be  noted. 

1.  A  b  f  the  Re&angle.1 

2.  b  A  f  the  Latitude  of  the  Place. 

3*  A  f  the  Sun’s  Declination,  of  the  fame  Name  with  the 
Latitude. 

4.  b  f  the  Sun’s  Altitude  at  the  Hour  of  6 «  5 
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T  Ab  theSun’s  Azimuth  from  the  Eaft  at  $  in  the  Morning 
and  from  the  Weft  at  6  Afternoon;  Northerly  in  North  Lati¬ 
tudes,  but  Southerly  in  South  Latitudes.  ' 

To  project  it  Sterographically  on  the  Plain  of  theMeridian. 
is  Having  ddcribed  the  Primitive  Circle,  quarter’d  it, 
drawn  the  Axis  of  the  World  PA1,  the  Equinoctial  JE  \Q,and 
the  Parallel  of  Declination  S©  1  f  R  g  •  as  before  directed 
in  Problem  4,  of  this  Chapter ,  in  pages  21 6  and  217. 

2.  Through  f  (where  the  Parallel  of  Declination  cutteth  the 
AxisPAl^  draw  an  Oblique  Circle  perpendicular  to  the  Hori¬ 
zon  SAB  (by  Problem  5.  Caje  3.  of  Spheric  Geometry,  in  Pages 
1 14  and  1 1 5J  as  is  the  Azimuth  C  ircle  Z  f  b  N,to  cut  SAB°in 
b,  which  forms  the  Rectangle  Triangle  A  b  f  and  it’s  done. 

For  the  Leg  Ab,  the  Sun’s  Azimuth,  and  the  Leg  bf  the 
Sun’s  Altitude  at  6  of  the  Clock,  are  the  two  things  required, 
and  are  meafured  by  Problem  7.  Cafes  2  and  3.  of  Spheric  Geo* 
metry.  in  Pages  ii  7  and  xi8. 

But  by  Spheric  Trigonometry ,  having  the  Hypotenufe  and  one 
Angle  given,  that  is  A  fi$d.  30m.  the  Sun’s  Declination,  and 
b  A  f  5  id.  32m.  the  Latitude 5  the  Leg  b  f  the  Sun’s  Altitude, 
and  Leg  A  b  his  Azimuth  at  6  of  the  Clock  5  are  found  by 
Chapter  5.  SeBion  4.  Prolem  2.  Cafes  4  and  5,  of  Spheric  Trigono¬ 
metry  ReBangular ,  in  Pages  13 6  and  137 

1.  To  find  the  Sun’s  Altitude  at  6 9  the  Proportion  is  3 
As  the  Radius  j  is  to  the  Sine  of  the  Latitude  $  fo  is  the  Sine 
of  the  Sun’s  Declination,  to  the  Sine  of  the  Sun’s  Altitude,  at 
the  hour  of  6>  Or  thus  3 

As  Radius  ••  S.  Angle  bAf;  :  S.  Hypot.  Af  •.  S.  Leg  b  f 
As  S.  9od.  *’  S*  5id.  32m. ! :  S.  23d*  30m.  ••  S.  x8d.  nm, 
i*  To  find  the  Sun’s  Azimuth,  the  Proportion  by  the  afore- 
faid  Problem  is. 

As  the  Radius}  is  to  the  Sine  Complement  of  the  Latitude; 
fo  is  the  Tangent  of  the  Sun’s  Declination  to  the  Tangent  of 
the  Sun’s  Azimuth  from  the  Eaft,  or  WeR,  at  the  Hour  of 
6-  Or  thus. 

As  Radius  ••  S  c.  Angle  bAf : :  T.  Hypot  Af  •*  T.  Leg  A  b, 
As.S.  9od°‘S.  38d.  28m.  ;  :  T.  23d.  30m*-  T  i5d.  08m. 

That  is. 

At  6  in  the  Morning  the  Sun  is  E,  i5d»o8m.  N.  or  near  up¬ 
on  the  ENE.  |  E. Point  of  the  Compafs,  And  at  6  Afternoon 
be  is  nearly  upon  the  W  N  W,  I  W.  Point  of  the  Compafs. 

In 
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In  the  fame  Triangle  A  b  f  ( Plate  ji,  Fig.  z.)  may  be  refol¬ 
ded  the  five  Problems  next  following  ;  to  exercife  the  young 
Learner. 

Problem  13.  The  Latitude  and  Sun’s  Altitude  at  the  Hour  of 
Six  given  5  to  find  his  Declination  and  Azimuth. 

Example.  The  4  T~, - 3  sf  iom-  So«‘b. 

I  Sun  s  Altitude  — —  -  ■■  pd.  50m.  PM. 

Here  is  one  Leg  and  its  oppofite  Angle  given  *  that  is,  the 
Leg  b  1  pd.  50m.  the  Sun’s  Altitude,  and  the  Angle  b  A  f, 
33d.  20m.  the  Latitude  •  which  Triangle  is  made  by  Problem 
1 3.  of  Spheric  Trigonometry  Geometrical  in  Page  126  ;  and  for  its 
Solution,  fee  Chapter  SeBion  4,  Problem  4.  Cajes  i  o  and  12, 
in  Pages  138  and  1  39.  And  it’s  thus  * 

*  *•  For  the  Sun’s  Declination,  the  Proportion  is  5 
As  S.  Latitude  ••  Radius  ; :  S.  ®  Alt.  at  6  •*  S.®Declin.  requL 
AsS  33d.  20m.  S.  pod  ::  S.  pd  ^om.  ••  S.  17c!.  jom.  South 
2.  For  the  Sun’s  Azimuth  at  6,  the  Proportion  is  ; 

As  Radius  ••  T  c.  Latitude  :  .*  T  0  Alt  at  6  ••  8.0’sAzim.  req. 
AsT.  43d.  ••  T.  54d.  40m.  : :  *T.  pd.  50m.  ••  S.  i4d*  pm.  Ws 
Southerly,  or  W  S  W.  J  W.  is  the  Point  of  the  Gompafs  the 
Sun  is  upon. 

Problem  14.  Latitude,  and  Sun’s  Azimuth  at  the  Hour  of  fix 
given  ;  to  find  his  Declination,  and  Altitude. 

Example.  The  i  ^atitufe: - 7 - 19m.  North.  • 

c  Suns  Azimuth  iod,  14m.  W.  Northerly 

Here  is  a  Leg  and  its  adjacent  Angle  given  3  that  is,  the 

Leg  Ab  iod.  14m,  the  Sun’s  Azimuth,  arid  the  Angle  bAf 

3^d.  ipm.  the  Latitude  3  which  Triangle  is  made  by  Problem 

12,  of  Spheric  Trigonometry  Geometrical ,  in  Page  125,  and  for  its 

Solution,  fee  Chapter  5.  SeBion  4.  Problem  %.CaJe  7,  and  p,  in 

Pages  137  and  138,  Wnichisthus^ 

1=  For  the  Sun’s  Declination,  the  Proportion  is  3 

As  T.  0  Azim.  ••  Radius  :  :  S.c.Latitude  ..  T.  c.®  Decli,  Ofj 

As  S  c.  Latitude  ..  Radius  •* :  T  .©Azimuth  T.Deciination 

AsS»  53d.  41m, ..  8.  9od  :  :  T,  iod.  14m  T  I2d.  3§m.N. 

2.  For  the  Sun’s  Altitude  at  6,  the  Proportion  is  3 

As  1  c.  Latitude  ••  Radius  $.  ®  Azim.  ••  T.  ®  Attitude,  Or, 

As  Radius  *•  S.  Azimuth  :  :  T.  Latitude  ••  T*  Q  Altit.  at  6. 

As  S.pod-..  S.  rod.  14m.:  :T.  3 6d.  19m.  Tjd.itfm.Alt.  a X<$ 

Problem  15.  The  Sun’s  Declination  and  Altitude  at  the  Hoar 
°f  fix  &ven  j  to  find  the  Latitude,  and  bis  Azimuth. 


1 
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Example.  Sun’s  $  ^nation  50m-  So"th 

Here  is  the  Hypotenufe  and  one  Leg  given  ;  that  is,  A  f 
aid.  30m.  the  Sun’s  Declination,  and  b  f  1 5d.  56m.  the  G*s 
Altitude,  for  which  f ^'Problem  10.  of  Spheric  Trigonometry  Geo¬ 
metrical,  in  page  123.  and  Chapter  5.  Settton  4.  Problem  1.  Cafes  % 
and  3.  of  Spheric  Trigonometry  ReBangular  in  pages  135  and  1 


Problem  16.  Sun’s  Declination  and  His  Azimuth  at  the  Hour 
of  fix  given  3  to  find  the  Latitude  and  his  Altitude^ 

Example.  Sun’s  I  De.clinfion  l9&-  »4™-  South 

.  .  c  Azimuth  - — rod- 09m.  E.  Southerly. 

Here  is  (as  m  the  laft  Problem )  the  Hypotenufe  and  one  Leg 
given  ;  that  is,  A  f  t9d.  24m.  the  Sun’s  Declination,  and  A  b 
iod.  09m.  the  ©’s  Azimuth  5  for  which  tee  Problem  iq.  of  Sphe- 
ric  Trigonometry  Geometrical,  in  page  123.  and  Chapter  5.  SeBim  4. 
Problem  1.  Cafes  1  and  3.  of  Spheric  Trigonometry  ReBangular  in 
pages  135  and  1 3 6 \  5 


Problem  17.  Sun’s  Azimuth  and  Altitude  at  the  Hour  of  fix 
given  3  to  find  the  Latitude  and  his  Declination. 

Example.  Sun’s  ^  A»««h -  i6d<  10m.  W*  Southerly 

1  1  Altitude  — —  yd.  oorn. 

Here  are  both  Legs  given;  for  which  fee  Problem  14.  of 
Spheric  Trigonometry  Geometrical ,  in  page  127.  and  Chapter  5. 
tion  4.  Problem  5.  Cafes  13  and  14.  of  Spheric  Trigonometry  Rec¬ 
tangular,  in  pages  1 3  9  and  1 40. 

Problem  18.  The  Latitude  of  a  Place, and  the  Sun’s  Declination 
given  3  to  find  the  Sun  s  Altitude  and  the  Hour  of  the  Day 
when  the  Sun  is  Eaft,  or  Weft.  ' 

Note-  When  the  Sun  is  either  Eaft,  or  Weft,  he  is  then  up¬ 
on  the  Prime  Vertical,  ZAN,  in  Plate  7  Fig,  2.  * 

Example.  The  J Latitude-- - —5 

i  oun  s  Declination  2 
In  the  R eBangle  Spheric  Triangle  AkL  Plat 

That 

1.  Akl  the  Re£fangle. 

2.  kAl  the  Latitude. 

3  kl  the  Sun  s  Dec.  of  the  fame  Name  with  the  Lat. 
4*  A  1  his  Altitude  when  he  is  upon  the  Eaft  or  Weft  Azi¬ 
muth  Circle* 

5.  A  k  the  Hour  from  6  5  if  Eaft,  after  din  the  Forenoon; 
out  when  Weft,  before  6  Afternoon. 

To  projeff  itSterographically ,  on  the  Plain  of  the  Meridian,; 
s.  The  Primitive  Circle  being  drawn,  quartered,  as  alfo 
,  the 


id.  32m 


North 


D  ■ 

3d*  30m 
*  7  Obferve 
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the  Axis  PAI,  EcjirmffJal  jAG  A  Ql  ,  and  Parallel  of  Declination 
S  0  1  f  R  g4  as  formerly,  in  Problem  4.  of  this  Chapter,  t,o 
cut  the  Prime  Vertical  ZAlSl  in  I,  the  Place  of  the  Sun  when 
ne  is  either  Eaft,  or  Weft. 

2.  I  hen  thro5  1  draw  a  Great  Circle  to  cut  the  Equino6iial- 
in  1c,  at  Right  Angles  by  Problem  y  Cafe  3.  Spheric 
Geometry ,  in  Page  115,  as  the  Oblique  Circle  Plkl,  which 
forms  the  Re&angie  Spheric  Triangle  Akb 
For  the  Hypotenufe  Ah  and  Leg  Ak  ,  the  former  the  Sun’s 
Altitude,  the  latter  the  Hour  from  <5,  when  he  is  either  Eaft, 
.or  Weft,  are  the  two  things  required,  and  are  meafured  by 
Problem  7.  Cafe  2,  of  Spheric  Geometry ,  in  pages  117  and  r  18. 

But  by  Trigonometry  t  having  a  Leg  and  its  oppofite  Angle 
given  5  that  is  kAl  5 r d.  32m.  the  Latitude,  and  k  1,  2 3 d* 
30m  the  Sun’s  Declination  :  The  Leg  A  k  the  Hour  from  <5, 
and  the  Hypotenufe  A  1  the  Sun’s  Altitude  when  Eaft,  or 
Weft  5  are  round  by  Chapter  5.  Stttion  4,  Problem  4.  Cafes  10  and 
12,  of  Spheric  Trigonometry ,  in  pages  138  andi39«  Thus, 

1*  fo  find  the  Sun’s  Altitude,  the  Proportion  is  * 

As  the  Sine  of  the  Latitudej  is  to  the  Radius  , 

So  is  the  Sine  of  the  Sun’s  Declination,  to  the  Sine  of  his 
Altitude,  being  Eaft  or  Weft,  Or  thus  • 

As  S-  Angle  KAl  ••  Radius::  S,  Leg  k  T?*  S*Hypot.  Al 
As  S.  5id.  32m. ».  S.  pod.  : :  S.23d*3om.  Sgod^m.  0  Alt'* 
2.  To  find  the  Hour  from  6,  the  Proportion  by  the  afore- 
laid  Problem  4.  and  Cafe  10.  is  - 

As  the  Radius  is  to  the  Tangentof  the5Complement  of  the 
Latitude  5  ' 

Sous  the  Tangent  of  the  Sun's  Declination,  to  the  Sine  of 
the  Hour  from  6.  Or  thus. 

As  Radius  ••  Tc.  Angle  k  a  l  : :  T  Leg  k  1  **  $.  Leg  A  k. 
AsT.45d.-T.  38d,  1 8m, : :  T.  23d.$om ..  S.  20|1«  1 3m, 
the  Hour  from  Six. 

*  Which  reduced  into  Hours  and  Minutes  of  Time,  and  add 
to,  and  fubtraft  it  from  6  Hours,  giveth  the  Hour  oftheDay 
required. 

That  is,  2od*  13m.  reduced  into  Time  is  ih.  21m*  almoft 
Which  added  to . . .  00m. 

The  Sum  fheweth  the  Sun  is  Eaft  at- — -~7h.  21m.  Morn. 

And  being  fubtr.  fheweth  theSun  isWeft  4-h.  47m.  Aftern. 
In  the  fame  Re&angle  Spheric  Triangle  A  k  1,  {Plate  7.  Fi¬ 
gure  2.)  the  five  Problems  following  may  be  refolved?  to  Ex- 
creife  the  Learner,  Prob- 
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lem  19.  The  Sun’s  Raft,  the  Latitude,  and  the  Sun’s  Alti- 
\e  given}  to  find  the  Declination.,  and  the  Hour  of  the  Day. 

,  ,  C  Latitude  .  5id.  50m.  North, 

p  e.  *  £  Sun’s  Altitude,  ifd.  itfm-  Morning 
l'c  is  the  Hypotenufe,  and  one  Angle  given  5  that  is  the 
tenule  Al  23  d.  itfm.  the  Sun’s  Altitude,  and  the  Angle 
id,  50m.  the  Latitude  3  which  Triangle  is  made  by 
>n  11,  oC  Spheric  Trigonometry  Geometrical,  in  page  124* 
or  its  Refolution,  fee  Chapter  5.  SeBion  4.  Problem  2® 
r,  and  5.  in  pages  136,  and  137.  And  is  thus. 

1.  For  the  Suns  Declination ,  the  Proportion  is. 
ins  "  S*  Latitude  0  Altitude  ^  S>  Declina.  Reqi 

>d.  ••  S.  13d.  30m-  : ;  S.  2  5d.  i6rm  ••  S.  ipd.  30m.  Nor, 
4.  For  the  Hour  when  he  is  Eaft,it’s  thus  ; 

®Alt.  •  •  Rad,::  S.c*Lat.  ••  T .Hour  from  6  when  E»  Or^ 
Hus  ..Sc,  Lat. : :  T.  0  Alt . ..  T .Hour  from  6 ,  when  E* 
>d:  ••  S.3?d-3om.:T.25d.  16m.  ..  T.ftfdi2em.orih.5m; 

1  added  to  6  makes  7b.  5m.  the  time  when  the  Suw 

h 

°m  20.  The  Sun  Weft,  the  Latitude  and  Hour  of  the  D&y 
m  ;  to  find  h*;  ^Altitude,  and  Declination  ; 

i  _.i  %  Latitude  3od.  10m.  South, 
amp  e.  e  ^^QUT  *h.  p  M.  or  Afternoon 

rets  given  a  Leg,  and  it’s  adjacent  Angle ?  that  is  5  the 
4id.  15m.  or  2h*  45m.- the  Hour  from 6,  when  the 
Weft}  and  the  Angle  kAl  3od*  10m.  the  Latitude  3 
1  Triangle  is  made  by  Problem  12.  of  SphericTrigonometry 
trical.  And  for  its  Refolution,  fee  Chapter  5.  SeBion  4* 
l .Cafe  7,  and  9.  In  pages  13 7,  and  138.  And  it’s  thus* 

I,  For  the  ?uns  Declination,  the  Proportion  is  3 

•  Lat.  ..  Radius :  :  S  Hour  from  6  ••  T.  0  Declina.  Or, 
iius  ••  S  Hour  from  6  ::  T.  Latitude  ••  T*  0  Decli.  Req. 
9od.  ..  S.  4id.i  5m. ; :  T^od.iom. ..  T,2od.  58m 'South 

2.  For  his  Altitude ,  the  Proportion  is , 

Hour frnm6  "  RadiUs'lSohat.  "Tc.  0^/t.whenW.  Or, 
Lat.  "  Radius  ::T. Hour  fr. 6  ..  T.  0  Alt  when\V.  Reqrf 
pd.^om. ..  S.pod  :  :T.4id.i5m. ..  ^450.2301*  0  ^/t. 
Weft  .  , 

-tti  21.  The  Sun’s  £aft,  his  Declination,^  Altitude  g/- 

•  to  find  the  Latitude,  and  Hour  of  the  Day. 

.  rpL  o  5  f  Declination  2 ad.  50m.  6b«tht 
pie.  The  Sun  s  ^  AWuu^  .  ^d.  30m,  A*M.  or  Afertf- 

P  1  Here" 
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the  Axis  PAI,  Ecjinoffiat  JR  A  (f,  and  Parallel  ofDeclir 
S  0  1  t  R  g.  as  formerly,  in  Problem  4.  of  this  Chaptt 
cut  the  Prime  Vertical  ZAN  in  1,  the  Place  of  the  Sun 
fee  is  either  Eaft,  or  Weft. 

2.  Then  thro5  1  draw  a  Great  Circle  to  cut  the  Equii 
iLAQ  ink,  at  Right  Angles  by  problem  5-  Cafe  3.  of 
Geometry ,  in  Page  115,  as  the  Oblique  Circle  Plkl, 
forms  the  ReRangle  Spheric  Triangle  AkL 
For  the  Hypotenufe  Ah  and  Leg  Ak  ,  the  former  the 
Altitude,  the  latter  the  Hour  from  6,  when  he  is  either 
.cw  Weft,  are  the  two  things  required,  and  are  meaftm 
Problem  7.  Cafe  2,  of  Spheric  Geometry ,  in  pages  117  andri£ 
But  by  Trigonometry f  having  a  Leg  and  its  oppofite  1 
given  5  that  is  kAl  5rd,  32m.  the  Latitude,  and  k  1, 
90m  the  Sun’s  Declination  :  The  Leg  A  k  the  Hour  fn 
and  the  Hypotenufe  A  1  the  Sun’s  Altitude  when  Ea{ 
Weft  5  are  found  by  Chapter  5.  Stflion  4,  Problem  ^Cafesi.. 
la  of  Spheric  Trigonometry ,  in  pages  1  38  and  139.  Thus, 

1.  To  find  the  Sun’s  Altitude,  the  Proportion  is  3 
As  the  Sine  of  the  Latitude,  is  to  the  Radius  , 

So  is  the  Sine  of  the  Sun’s  Declination,  to  the  Sine  o> 
Altitude,  being  Eaft  or  Weft,  Or  thus  . 

As  3.  Angle  KAl  ••  Radius::  S>  Leg  k  l-**  S*Hypot.  Al 
As  S.  5id.  32m. ..  S.  pod.  : :  S.23d*3om.  S3od.37m.  0 

2.  To  find  the  Hour  from  6 ,  the  Proportion  by  the  a- 
laid  Problem  4,  and  Cafe  10.  is  3 

As  the  Radius,  is  to  the  Tangentof  the5Complement  o 
Latitude  3 

So  is  the  Tangent  of  the  Sun*s  Declination,  to  the  Sir 
the  Hour  from  6 .  Or  thus. 

As  Radius  ••  Tc.  Angle  k  a  1  : :  T  Leg  k  1  ••  S.  Leg  A 

AsT.45d.~T.  38d,  &8m, : :  T.  23d.3om ..  S. 20^*  i 
the  Hour  from  Six. 

«  Which  reduced  into  Hours  and  Minutes  of  Time,  anc 
lt  to,  and  fubtraft  it  from  6  Hours,  giveth  the  Hour  ofthf 
required. 

That  is,  2od,  13m.  reduced  into  Time  is  ih.  21m®  al 
Which  added  ton  ■■  — — -w-  ■— »6h.  00m. 

The  Sum  fheweth  the  Sun  is  Eaft  at— 7b.  21m.  Me 

And  being  fubtr.  fheweth  the  Sun  is  Weft  4b.  47m*  Aft 
In  the  fame  Rectangle  Spheric  Triangle  A  k  1,  {Plate  7 
l^re  2.)  the  five  Problems  following  may  be  refolved)  to 
erdfe  the  Learner,  I7 


Se<5t.  II.  dflrommhal  cProMem] 

Problem  19.  The  Sun’s  Eaft,  the  Latitude,  and  the  Sun’s  Alti¬ 
tude  given$  to  find  the  Declination,  and  the  Hour  of  thi  Day . 

t?  1  rrt  C  Latitude  *—*  5id.  30m,  North. 

Example.  The  |  ^  AltitJide>  i6m.  Morning 

Here  is  the  Hypotenufe,  and  one  Angle  given  5  that  is  the 
Hypotenufe  Al  23  d.  16m.  the  Sun's  Altitude,  and  the  Angle 
kAl  5 id.  30m.  the  Latitude  5  which  Triangle  is  made  by 
Problem  11.  of  Spheric  Trigonometry  Geometrical,  in  page  124$ 
and  for  its  Refolution,  fee  Chapter  5.  SeBion  4.  Problem  2 a 
Cafe  4,  and  5.  in  pages  1 3 5,  and  137.  And  is  thus. 

1.  For  the  Sun's  Declination,  the  Proportion  is. 

As  Radius S.  Latitude  ©  Altitude  •»  S-  0  Dec  Una.  Reqi 
AsSpod.  ••  Si  1 5dr  30m-  ; :  S.  2  5d.  1 6m,  ••  S.  1  $d.  30m.  Nor. 

4.  For  the  Hour  when  he  is  Eafl ,  it’s  thus  $ 

AsT.c.  ®Alt. ..  Rad. ::  S .c*Lat.  ••  T .Hour  from  6  when  E*  Ori 
AsS  adius  -  -Sc.  Lax . : :  T.  ®  Alt. ..  T .Hour  from  6,  when  E« 
AsSpod:  ••  S.3§d<3om.:T.25d.  16m,  ..  T.i6d,2om.orih.5m; 
which  added  to  6  makes  7b.  5m.  the  time  when  the  Sun 
is  Eaft. 

Problem  20.  TtaSun  Weft,  the  Latitude  and  Hour  of  the  Ddf 
given  \  to  find  his  Altitude,  and  Declination, 

1?  i  -.1.  K  Latitude  sod.  10m.  South. 

Examp  e.  T  e  ^^QKr  — „  ^h.  15m.  P  Mu  or  Afternoon 

Here  is  given  a  Leg,  and  it’s  adjacent  Angle,  that  is  5  thd 
Leg  Ak  4id.  15m.  or  2I1,  45m.  the  Hour  from  6,  when  the 
Sun  is  Weft}  and  the  Angle  kAl  3od-  10m,  the  Latitude  5 
which  Triangle  is  made  by  Problem  12.  of  SphericTrigonometry 
Geometrical.  And  for  its  Refolution,  fee  Chapter  5.  SeBion  4, 
Proh‘}.Cafe  7,  and  9.  In  pages  137,  and  138.  And  it’s  thus* 

I,  For  the  *uns  Declination,  the  Proportion  is  5 
AsT-c.  Lat.  ..  Radius :  :  S  Hour  from  6  ••  T.  ®  Declina.  Or, 
As  Radius  ••  S  Hour  from  6  ::  T,  Latitude  ••  T*  ©  Decl'i.  Req. 
As  S.  9od.  ..  S.  4rd.t  5m. :  .*  T^od.iom. .. T.aod.  58m >SoutB 
2.  For  his  Altitude  9  the  Proportion  isf 
AsT.f/oftrfromtf  ••  Radius -:Sohat.  ••  Tc.  ®Alt.  whenW.  Or, 
As  Sx.Lat.  "  Radius  z:T. Hour  fr.6 ..  T.  ®  Alt  whenW,  Req* 
AsS.  59d.5om* ..  S.pod  :  :T. 4 id.  15m. ..  T.4 5 0.2301*  ®  Alt0 
when  Weft  , 

Problem  21.  The  Sun’s  Eafts  his  Declination,  and  Altitude  gi¬ 
ven  }  to  find  the  Latitude,  and  Hour  of  the  Day . 

„  .  a  ,  C  Declination  lod.  5cm.  South . 

Example*  ms  ^Jhitude  '2yd.  30m.  A*M.  or 

p  ,  Here’ 


%<z6  Aflronmkal  Problems,  Chap.  IX. 

Here  are  given  tbeHypotenufe,  and  one  Leg  5  that  is.  the 
Hypotemife  Al,  29d.  30m.  th e  Sun  s  Altitude,  and  the  Leg 
kl  zod.  50m.  his  Declination  :  Which  Triangle  is  made  by 
Problem  10.  of  SphericTrigonometry  Geometrical,  in  page  122.  and 
for  its  Refolution,  fee  Chapter  5.  SeBion  4.  Problem  1.  Cafe  2  * 
and  35  in  page  135,  and  13 6. 


Problem  22*  The  San  Weft,  his  Declination,  and  Hour  of  the 
Day  given  ^  to  find  the  Latitude*  and  his  Altitude* 

,  f  Suns  Decimation  iod.  39ms  North, 

,Ex.  A  he  \  Hour  of  the  Day  4I1.  52m  P-  M.  (or  Afternoon) 
Here  are  given  both  Legs,  that  isrthe  Leg  k  l  xod.  39m, 
the  Suns  Declination ,  and  Leg  Ak  iyd.  or  ih  8m.  theHowr 
from  6,  when  the  Sun  is  Weft  5  for  making  this  Triangle* 
fee  Problem  1 4,  of  Spheric  Trigonometry  Geometrical ,  in  page  127. 
And  for  its  Refolution  lee  Chapter  5.  SeBion  4*  Problem  5* 
Cafe  13,  and  14*  in  page  139,  and  140, 

Problem  23.  The  Sun  Eaft,  his  Altitude,  and  the  Hour  of  the 
Day  given  5  to  find  the  Latitude,  and  his  Declination. 


.  f  Suns  Altitude-*- 

Example.  The  y  Hourofthe  Day 


3od.  10m. 

7b.  50m,  A  M. 


Note ;  In  thT  Problem  the  Latitude,  may  be  either  North 
or  Souths  and  truly  anfwer  the  Queftion. 

Mere  is  given  the  Uypotenufe,  and  one  Leg}  that  is}the 
Hypotemde  A  1  3od.  10m.  the  Sun  s  dhituae  when  Eaft*  and 
the  Leg  Ak  27a.  30m.  or  ih*  50m.  the  Hour  from  4,  when 
he  is  fa;  this  Triangle  is  made  by  Problem  10*  of  Spheric 
Trigonometry  G eometrical^  in  page  123*  and  for  its  Refoluticit* 
fee  Chapter  $  SeBion  4.  Problem  I*  Cafe  1  and  3.  in  page  135 
and  £36. 


Problem  24,  T he  Sun  in  the  Equinoflial;,  the  Latitude 
of  a  place .  and  the  Sun’s  Altitude  given)  to  find  his  Azimuth* 
and  the  Hour  of  the  Day. 

Note;  When  the  Sun  hath  no  Declination*  he  is  then  (faid 
to  be)  in  the  EquutnoBtal)  which  is  twice  in  a  Year*  about 
the  10th  of  M irch9  and  the  12  th  of  September. 

Ex- 


Sect-  II.  dftronmical  Problems.'  .  2.1/y 

Example,  The  i  5' cj.  32m.  North- 

T  ,  „  „  VK«, 5  2 1  d.  50m,  A.  M.  (or  AWW.  ) 

.  In  the  ReBwgU  Spheric  Triangle  Z  JED,  Plate  i.Fi?  ,  it 
is  to  be  Noted  *  7  * 

1.  ZAiD  the  Red  angle 

2.  ZiE  the  Latitude  of  the  Place 

3.  the  Hour  of  the  Day  from  Noon 

4.  ZD  the  Complement  of  the  Sun’s  Altitude. 

5.  jEZD  the  Sun’s  Azimuth  from  the  South  in  North  La . 

but  from  the  North  in  Latitude :  Ealierlv  in  the 
Forenoon,  and  Wefterly  in  the  Afternoon, 


To  project  it  Stereograph! tally,  by  the  Plain  Scale, 

1.  The  Primitive  Circle  being  drawn,  quartered,  as  alfo 

*he  Axis  r  AI,  and  Equinoctial  JE  AQ,  as  formetly  diredled 
in  Problem  4.  ' 

2.  by  Problem  %  Cafe  2 ,  of  Spherical  Geometry,  in  page  12  r  ’ 

raw  a  parallel  Circle  at  aid.  50m.  (the  given  altitude,) 

diftance  from  the  HorizonS  AB  ;  as  is  ADlt,  to  cut  the£*«i- 
noPUal  A5AC>,  in  D  3  the  place  of  the  Sun  at  that  Time. 

.  3*  d  h rough  D  (by  Problem  5,  Cafe  3.  of  Spherical  Geometry 
in  page  11 5.)  draw  a  Great  Circle,  perpendicular  to  SAB.  as 
is  the  Oblique  Circle  ZDCN,  which  concludes  the  Re&- 
angle  Spheric  Triangle  ZJED,  and  it’s  done. 

For  the  Angle  JEZD ,  and  Leg  JED  5  the  former  the  Sun's 
^ztmuth  from  theMeridian,  the  latter  the  Hour  from  Noon 
when  the  Sun  is  in  the  Equinoctial,  are  the  two  things  Re„ 
quired,  and  are  meafured  by  Problem  7.  Cafe  2,  and  Problem  8* 
Cafe  2.  of  Spherical  Geometry)  in  pazt  118,  and  119. 

But  by  Spheric  Trigonometry,  having  the  Plypotemtfe ,  and 
one  given  5  that  is, ZD  78d,  jom.  the  Complement  of 
the  Sun  &  Altitude,  and  ZiE  5  id.  3  2m.  the  Latitude:  The 
Angle  JE ZD  the  Sun’sAzimuth  and  LegJED  the  Hour  from 
Noon,  are  found  by  Chapter  5.  Settion  4.  Cafe  1  and  2.  of 
Spheric  Trigonometry  Rectangular,  in  page  1 3  5  and  1 3  6.  Thus, 

1 

1.  To  find  the  Surds  Azimuth,  the  Proportion  is ; 

As  the  Radius  is  to  the  Tangent  of  the  Latitude^ 

So  is  the  I  angent  of  the  Sun’s  Altitude,  to  the  Sire  Com¬ 
plement  of  the  Sun’s  Azimuth  from  the  South.  Or  thus  3 


P  a 


22§  Aftronomhal  Problems'*  Chap.  IX. 

A  s  Radius  ••  T.  Leg  ZiE  :  T  c.  Hipot.LD  ••  Sc,  Angle  .EZD. 
As  T.45d. ..  T.  5id/52m.  : :  T,  2id.  50m.  ••  S.  3od  17m. 

Which  lubtrad  from - — -  * — - — «**—  pod.  00m. 

Remainder  is  the  Sun's  Azimuth  f  South  — —  ^p.d  43m. 

Eafterly,  That  is  S'  E  by  E.  |  E.  is  the  point  of  the  Com- 
pafs  the  Sun  is  upon 

2 i  To  find  the  Hour, the  Proportion  by  the  forefaid  Pro- 
bUm  1.  and  Cafe  3.  is; 

As  the  Sine  Complement  of  the  Latitude,  is  to  the 
Radius  3 

So  is  the  Sine  of  the  Sun’s  Altitude,  to  the  Sine 
Complement  of  the  Hour  from  Noon.  Or  thus  5 

As  S.c  Le^  ZM  ••  Radius  ;  •  S  c.  Hypot.  ZD  S  c. Leg.JED* 
As  5,  38d.28m.  -S.  9od.: :  S  aid.  50m.  ••  S.  ^6d.  43m. 

Which  fubtrad  from - —  - - - ..god,  ocm. 

Remainder  is  the  Hour  from  Noon  —-  — —  53d.  17m. 
Which  is  equal  to  3b.  3  3m.  from  Noon,  that  is  8h.  2  7m.  in 
the  Morning 

In  the  fame  Redangle  Spheric  Triangle  ZiED  might  five 
Problems  more  be  relolved,  which  I  leave  the  Learner  to  in¬ 
vent,  and  fo  pals  on  to  Oblique  Spheric  Triangles  in  Aftronomy , 

Sedion  III.  Oblique  Spheric  Triangles,  applied  im  Agro¬ 
nomical  Problems,  ttfefulin  Navigation. 

TN  the  lad  SeBion,  Redangled  Spheric  -  Triangles  was 
applied  to  Problems  of  Aftronomy ,  nowin  iike  mannerQb" 
lique  SphericTriangles  (hall  be  applied,  and  both  them  and 
the  following  are  ufeful  in  Navigation . 

Problem  1.  The  Latitude  of  a  Place,  the  Sun’s  Declination, 

’  and  ids  Altirude  given  3  to  find  his  Azimuth,  and  the  Hour  of 
the  Day. 

J  Latitude  ■  •»  "«*  j  id,  30m.  7 

_  x  .  Declination —  15  10  >  North 

l  Altitude  - — - II  30  J 

In  the  Oblique  Spheric  Triangle  PZ®.  Plate  q.  Figure  2. 
is  to  be  Noted. 

1.  ZP  the  Complement  of  the  Latitude. 
z.  Z ®  the  Complement  of  the  Sun’s  Altitude. 

3-  P®  his  Didance  from  the  Elevated  Pole}  which  is  the 
Declination  added  to  90  Degrees,  when  the  Latitude  and 
Declination  are  of  contrary  Names:  But  if  of  one  Name,  its 
the  Complement  of  the  Declination.  4  P  Z 


>.  HI.  Agronomical  Problems. 

PZ©  his  Azimuth  from  the  North  in  North  Latitudes 
from  the  South  in  South  Latitude* 

.  ZP©  the  Hour  of  the  Day  from  Noon, 
fo  prujedl  itStirograpkical,  on  the  Plain  of  tne  mer.ou 
,  Having  drawn  [the  Primitive  Circle  and  quarter  * 
drawn  the  Axies  PAI.and  the  EqumoHul  AHQ.,  maw 

Parallel  of  Declination  ®  1  f  R  g»  . 

Draw  (by  Problem  9 Cafe  2.  of  Spheric  W ? jj 

t)  a  Parallel  Circle,  parallel  to  the  Horizon  SAB  at  I  id, 
n  (the  given  Altitude)  diftance  Iromn,  to  cu  P  1 
of  Declination  in  the  place  of  the S<in  at  that  - 

Then  through  ©  draw  two  Great  Circles,  one  - 

nd  N,  the  Poles  of  the  HoriK<m  5  and  the  other  through 
nd  l  the  Poles  of  the  Equinoctial  5  as  is  the  Oblique Qrc.e 
JN,  and  P©I ;  which  forms  the  Oblique  abtric  >  ang  , 

&  tahedAngl«°PZ®,  and  ZP®,  the  former  the  Sun’s 
imuth,  the  latter  the  Hour  of  the  Day  from  Noon;  are 
:  Two  Things  required,  and  atemeafure^  by 
fe  2  of  Spheric  Geometry ,in  page  1 19*  .  , 

8ut  by  Spheric  Trigonometry,  having  3  Std«  ^a* 

T,;8d.  30m.  the  Complement  of  the  Latitude,  Z®  ,  Sd 
the  Complement  of  the  Stm‘s  Altitude  3  and  ^>  74- 
n*his  Diftance  from  the  Elevated  Pole  3  thcAn*l  »  O 
..  Sun  s  Azimuth,  and  ZP©  the  Hour  of  the  Day,*' 
chapter  5,  SeUion  5.  Problem  II*  Cafe  il-o$  p  a 

ietry  Oblinue,  in  pages  147,  and  148,  «s  (.  owe 
t  Add  the  Complement  of  the  Latitude,  Complement 
•  Suns  Altitude, land  the  Sun’s  Diftance  from  the  I  ole  in 

t"  Fr^m half  that  Sum  fubtnB,  for  finding  the  San’s^ 
th,  the  W<  Diftance  from  the  Pole:  But,  fo  «*« 

of  the  Day,  fubtraftthe  Complement  of  the  Sun  s  Al 
tde,  noting  the  half  Sum,  ancUhe  Remain^  \  £ 

3. Then  to  find  the  Sun’s  Azimuth,  it  s  tnus  ,  t  ^ 

nent  Arithmetical  of  the  Sines  of  the^ -omp  **  * 

of,hf  » 

: forefaid Half-Sum,  and  Remainder.  ^  E  ,  lf  , 
•fe  4  Logarithms,  is  the  of  the 
is  Azimuth  from  the  North  in  North  L&titu  e  r. 

Souths  in  South  Latitude* 

f  % 


Afironomkal  Problems', 


A  s  Radius  T.  Leg  Zi£ :  :Tc,  Hipot.  ZD  ••  Sc.  Angle  AT 
As  T.4$d.  ••  T.  5  id  32m.  : ;  T.  2 id.  50m.  ..  S.  3od 

Which  lubtraft  from - — —  - — - — **«—»  9od.  > 

Remainder  is  the  Suns  Azimuth  y  South  ~ — -  59. d  t 
Eafterly,  That  is  S  E  by  E.  $  E.  is  the  point  of  the  C 
pafs  the  Sun  is  upon 

z.  To  find  the  Hour, the  Proportion  by  the  torefaid 
bltm  1.  and  Cafe  3.  is; 

As  the  Sine  Complement  of  the  Latitude,  is  to 

Radius  3  . 

So  is  the  Sine  of  the  Sun’s  Altitude,  to  the  £ 
Complement  of  the  Hour  from  Noon.  Or  thus  5 
As  S.c  Leg  7jJK  ••  Radius  : :  S  c.  Hypos.  ZD  S  c.  Leg; 
AsS  38d.28m.-s.  9°d.::S  ud.  50m.  ••  S.  3 6d-  , 
Which  fub trail  from — - —  i”*  ~  — — ~5>od,  c 

Remainder  is  the  Hour  from  Noon  « — -  —■ —  5  3<h  1 
Which  is  equal  to  $h.  33m.  from  Noon,  that  is  8h.  271 

the  Mining 

In  the  fame  Re&angle  Spheric  Triangle  ZJED  might 
Problems  more  be  relolved,  which  I  leave  the  Learner  to 
vent,  and  fo  pals  on  to  Oblique  Spheric  Triangles  in  Jftrono 


Se£lion  III.  Oblique  Spheric  Triangles,  applied  im  A 
nomical  Problems,  itfefulin  Navigation. 

FJ  the  laft  Seftion,  Refiangled  Spheric  **  Triangles 
applied  to  Problems  of  Ajironomy,  nowin  like  manner 
lique  SphericTriangles  fhall  be  applied,  and  both  them 
the  following  are  ufeful  in  Navigation . 


Problem  1.  The  Latitude  of  a  Place,  the  Sun’s  Declina? 
'  and  his  Altirude  given  3  to  find  his  Azimuth,  and  the  Ho 
the  Day, 

r  Latitude  — — *  j  id.  30m.  J 
Example.  The  <  Declination 1  5  10  >  North 

l  Altitude  11  30  a 

In  the  Oblique  Spheric  Triangle  PZ®.  Plate  7 .  Ftgut 
is  to  be  Noted, 

f.  ZP  the  Complement  of  the  Latitude. 

2.  Z®  the  Complement  of  the  Sun’s  Altitude. 

3-  P®  his  Diftance  from  the  Elevated  Pole3  which  u 
Declination  added  to  90  Degrees,  when  the  Latitude 
Declination  are  of  contrary  Names:  But  if  of  one  Nam 
the  Complement  of  the  Declination,.  4 


Se6t.  III.  Agronomical  Problems.  _ 

4.  PZ0  his  Azimuth  from  the  North  in  North  Latitude^ 

but  from  the  South  in  South  Latitude* 
c.  ZP©  the  Hour  of  the  Day  from  Noon. 

To  yrojeft  itSterograpbical,  on  the  Plain  of  the  Menu.an 
Having  drawn  jthe  Primitive  Circle  and  quarter  a 
alfo  drawn  the  Axies  PAI.and  the  Equinoctial  #AQ.,diaW 

the  Parallel  of  Declination  ®  1  f  R  g>  ,  ^  , 

2.  Draw  (by  Problem  9.  Cafe  2.  of  Spheric  ft, 

1  21)  a  Parallel  Circle,  parallel  to  the  Horizon  SAB  at  Hu, 

;om  (the  given  Altitude)  diftance  fronatMo  cu  P 

fel  of  Declination  in  the  place  of  the  S^n  at  that  ti  •  • 

,  Then  through  ®  draw  two  Great  Circles,  one  through 
Zand  N,  the  Poles  of  the  Horizon  •  and  the  other  throug 
P  and  l  the  Poles  of  the  Equinoctial  5  as  is  the  Oblique  Ctnle 
Z®N,  and  P®I;  which  forms  the  Oblique  Spheric  T>  targe 

PZ©,  and  it’s  done.  •  r  ,  c  * 

For  the  Angles  PZ®,  and  ZP©,  the  former  the  Sun  s 

Azimuth,  the  latter  the  Hour  of  the  Day  from t  0 

the  Two  Things  required,  and  are  meafured  by  groktm  b. 

Cafe  2  of  Spheric  Geometry  ,in  page  rl9*  .  _ 

But  by  Spheric  Trigonometry,  having  5  Sides  given;  that 
is  ZP,  }Sd.  30m.  the  Complement  of  the  Latitude,  0>  7  • 

30m.  the  Complement  of  the  Suns  altitude  $  an 
5om.his  Diftance  from  the  Elevated  Pole ;  theAngles  PZO 
the  Sun's  Azimuth,  and  ZP®  the  Hour  of  the  Day  5 i  «®  f°u nd 
by  Chapter  5.  SeBion  5.  Problem  II.  Cafe  1  I of  Spheric  Jr  g 

nometry  Oblique,  in  pages  147,  and  148,  as ,  0  °W', .merit  of 
I  Add  the  Complement  of  the  Latitude, 
the  Suns  Altitude, land  the  Sun’s  Diftance  from  the  Pole  in 

t0  a”' Fr^mhalfthat  Sum  fubtrafl,  for  finding  the  Sun’s^ 
math,  the  Suns  Diftance  from  the  Po/e:  rj  ! 

Hour  of  the  Day,  fubtraftthe  Complement  of  the  Sun  sAl 
titudc,  noting  the  half  Sum,  and  the  vemai  i  ’  ^cmo 

3.  Then  to  find  the  Sun’s  Azimuth,  it  s  thus j ;  t  - 

piemens  Arithmetical  ot  the  Sines  of  the*  omp  o£ 

Latitude,  and  Complement  of  the  Altitude  add  the  0. 
the  forefaid  Half-Sum,  and  Remainder  :  hal  the  1  * 

theft  4  Logarithms,  is  the  Sine  of  the  Supplement  of  half  t be 

U„'s  Azimuth  from  the  North  in  North  Latitude}  *nd  Iron; 
South3  in  South  Latitude* 


% 
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But  to  find  the  Hour  of  the  Day,  it’s  thus  5  to  theCwz- 
plement  Arithmetical  of  the  Sines  of  the  Complement  of  the 
Latitude,  and  the  Sun’s  Diftance  from  the  Pole,  add  the 
Sines  of  the  faid  Half-Sum,  and  the  Remainder:  Half  the 
Total  of  thefe  4  Logarithms,  is  the  Sine  of  the  Supplement 
of  half  the  Hour  from  Noon,  all  which  is  fhortned  thus  3 

i«  To  find  the  Azimuth,  the  Operation  is  ;  * 


1 


^  M. _ J  j  'S  V/ULI* 

i  P®  74th  50m 
Sum  is  1 91  d  50m. 


§  Sum  is  9  5d.  5  sm 


Remaindzid.  05  m. 

Which  doubled 

The  double  is  — 
fubtrad  from - - 


half  fum  fides  9  5d‘ 55m  S  9*997680 
Remainder  2idso5m=S3  9.55^971 
Sum  of  the  4  Logarithms  is  19.768308 

---3^-  V  !3.  ■  -  T-  ,  1 

49  59  Sf  fum-9  884154 
49  59 


-99  58  Which 
180  00 


Remainder  the  is  Suns  Azimuth  80  02  from  the  North 


Or  thus ,  ly  Gunter’s  Scale 


As  the  Radius ..  S  c.  Latitude , : :  S  c»  Altitude ..  a  4th  Sine 
As  S.  <?od. ..  S.  3§d  30m*  :  :  S  78d.  30m*  3yd*  35m’ 
Then  again, 

As  the  4th  Sine  ..  SjSum  jldes  :  1  S-  Remainder  «.  a  5th  Sine 
As  S  37d.  35m.  ..  S.9  5d,55m  S.zid.ojmu  ••  S«36d.  o6m« 
A  gain  fi  which,  on  the  Line  of  Verled  Sines  is  8od  02m. 
the  Sun’sAzimuth  from  the  North  Eaflerly,  if  in  the  Morn¬ 
ing,  and  from  the  North  Wefierly  if  in  the  Afternoon  3 
that  is,  the  Sun  is  near  the  E.  by  N.  Point  of  the 
Compafs  in  the  Morning  and  near  the  W  by  N.  Point  in 
the  Afternoon# 


a »  T*  0 


/ 
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0  To  find  the  Hour  of  the  Day,  the  Operation  is, 

C  Z,P?8d  ?om.  I  Containing  Sides  ■{  &fo.ar.-0. *05850 
S'J,  >  o  P-7 4.d,  5 om .  5  i  9* ™  1 5  3  9  7 

>  Zr2'i%&  ?«n  I  half  Sum  fides  jjd.  5501.8—  9.99768® 

gum  is  i9'737TSmi 

*Sum  is  95«f  55m  jSumof  tile  4  Logarithms  is  1 9*69-5  9i50 

Remaind.i 7<1. 2 5m.!' — — -  44-45  S.half  811059,847530 

Which  doubled  —  44,45 


The  double  is 
fubtraft  from 


>■89.50  Which 
1 80.00  b*  m. 


02 


Rem.  is  the  Hour  from  Noon:  90?  30  equal  to 

Or  5  Gunter’s  Scale  * 

As  the R aditts  »•  S*e .Latitude,  :S.  ®  Difl.jromPole  ..  a4th$ine 
As  S.  9cd.  ..S*38d.3cm.  :  :S.  74d*5om, ••  S.  36c!.  560a, 
Then  again, 

As  the  4th  6V»*  «  S \Sumfiides :  :  S.  Remainder  ••  a  5th  Sine, 
AsS.3<5d.  56m  ••  S.95d-5  5m  ?  :  S,  1 7 <i.  2  5m.  ••  S.  zpd.  42m. 

Againft  which  cm  the  line  of  Verfed  Sines,  is  9od.  30m* 
Or  6h .  am.  the  Hour  from  Noon  5  that  is,  580%  after  5  in 
the  Morning*  or  am,  after  6  in  the  Afternoon 

In  the  lame  Spheric  Triangle  ZP®,  (Plate  7 .%  2.  j  may 
the  Nine  Problems  next  following  be  relolved. 

Problem  z.  The  Latitude  of  a  Place>  the  Sun  s  Altitude, and 
Azimuth  given ‘y  to  find  his  Declination,  ^  the  Hour  of  the  Day . 

r  Latitude - —  5  id.  32m.  North 

Example.  The  ^  Sun’s  Altitude  4pd.  40m.  in  the  Forenoon 
l  Sun’s  Azimuth  1 19d,  44m*  from  the  North 
In  this  Problem  are  two  Sides,  and  one  Angle  between 
them  given  5  that  is,  &P  28m.  the  Complement  of  the 
Latitude ,  Z®  40d  20m-  the  Complement  of  the  Suns'  Ati- 
tude, and  PZ®  U9d.  44m-  his  Azimuth;  which  Triangle  i-s 
made  by  Problem  18-  of  Spheric  Geometry  3  and  lor  its  Rc- 
folution,  fceChapter  5,  Seffiion  5.  Problem  9*  Cafe  7,  and  8,  of 
Spherical  Trigonometry  Oblique ,  in  page  144  and  145* 

Problem  3,  The  Latitude,  the  Sun’s  Declination,  ana  Azimuth 
given  3  to  find  his  Altitude,  and, the  Hour  of  the  Day° 
f  Latitude- — >  13A  icm,  North 

Ex>  The  \  ©Declination  -  pd.  1 5m*  South  v 

L  ®  Azimuth*—’—  1 29*  40m.  from  N.  Afternoon, 

~  ■  p  4  Sere 
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Here  are  two  Sides,  and  one  Angle  oppofite  given  that 
is  ZP  7 tfd.  50m  the  Complement  of  theLatitude,  P®  99d„ 
1 5m.  the  Sun’s  Diftance  from  the  Elevated  Pole,  and  PZ® 
I29d  40m.  his  Azimuth  3  which  Triangle  is  made  by  Prob¬ 
lem  1 6.  of  Spheric  Geometry ,  in  page  128  and  129.  And  for 
its  folving,  fee  Chapter  5  SeBion  5.  Problem  yt  Cafe  2,  and  3, 
of  Spheric  Trigonometry  Oblique ,  ir.  page  1 42  and  143. 
Problem  4  The  Latitude  of  a  Place,  Sun’s  Altitude,  and  th$ 
Hour  of  the  Day  given  3  to  find  the  Sun’s  Azimuth?  and  hit 
Declination, 


r  Latitude - 3od.  $im.South 

Example.  The  ^  altitude  4id.  10m, 

'  Hour  of  the  Day  3b.  15  m.  afternoon* 

Here  are  two  Sides,  and  one  Angle  oppohtegiven  as  be¬ 
fore  in  Problem  3.  That  is,  ZP  59d.  09m.  the  Complement 
of  the  Latitude,  Z®  4^d.  50m-  the  Complement  ot  the  Sun  s 
Altitude^  and  ZP®  48d.  45m.  Or  3I1.  15m.  the  Hour  of  the 
Day  from  Noon  ;  and  therefore  projeded,  and  refolded  like 
Problem  3.  aforefaid,  in  page  231. 

Problem  5.  The  Latitude  oj  a  Place,  the  Sun’s  Declination, * 
Hour  oj  the  Day  given*  to  find  his  Azimuth,  and  Altitude, 
f  Latitude—-*  aod.  11m.  North/ 

Example.  The  \  Declination—  23d.  29m ,  South. 

?  Hour  9b.  2411^  'Morning, 

Here  are  two  Sides,  and  one  Angle  between  them  given 3 
That  is,  ZP  dpd.  49m*  the  Complement  of  the  Latitude, 
P0  1 13d.  29m.  the  SunsDifiance  from  the  Elevated  Poland 
PZ®,  39d.  or  ah  36m.  the  Hour  of  the  Day  from  Noon, 
which  is  wrought  as  before  in  Problem  2.  page  231. 

Problem  6.  Latitude  of  a  Place,  the  Sun’s  Azimuth, and  theHouir 
of  the  Day  given-  to  find  the  Sun’s  Declination  and  Altitude 

(  Latitude*™-  — - 1  cm*  North 

Example.  The  <  Sun  s  Azimuth  i2od.  30m.  from  theNorth 

Hour  of  the  Day-—  9b.  36m.  Morning 
Here  are  two  Angles,  and  one  Side  between  them  given. 
That  is  ZP  7  6d.  50m.  the  Complement  of  the  Latitude 
I2od.  3cm-  the  Suus  Azimuth,  andZP®  3<£d.  or  ah.  24m. 
the  Hour  of  the  Day  from  Noon;  for  the  making  of  this 
Triangle,  fee  Problem  19.  of  Spheric  Geometry ,  in  page  130. 
And  for  its  Solution,  fee  Chapter  5,  SeBion  5.  Problem,  Xu.  Cafe 
§•  of  Spheric  Trigonometry  Oblique }  in  page  145, 


Prob- 
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Problem  7.  The  Sun’s  Altitude,  Declination,  andhit  Azimuth 
given  ?  to  find  the  Latitude  and  Hour  of  the  Day, 

f  Altitude  39d»3om.  in  the  Morning, 
Example.  The  Sun’s <  Declination  196. 12m*  North. 

c  Azimuth  nod.  20m.  from  the  North 
Here  are  two  Sides, and  one  Angle  opposite  given  ;  That 
is,ZO  5od  30m  the  Complernentof  the  Sun’s  Altitude, P<g 
7od.  48m.  his  Difiance  from  the  Elevated  Pole,  and  PZ0 
nod.  20m.  his  Azimuth  from  the  North,  which  Triangle 
is  made  and  wrought  as  before  in  Proh  3.  of  this  Setf.in 
page  23  2. 

ProblemS.  The  Sun’s  Altitude,  his  Declination,  and  Hour 
of  the  Day  given  ,  to  find  his  Azimuth,  and  the  Latitude. 

f  Sun’s  Altitude— ^—7 2d.  35m. 

Example.  The  %  Sun’s  Declination—  ipd.  40m.  North. 

f  Hour  — - -  — »  5 h.  42m.  Morning 

Here  are  alfo  two  Sides,  and  one  Angle  opposite  given  3 
That  is,Z0  5  8d.  3  5m.  the  Complement  of  the  Suns  Altitude 
¥(&  70 d.  20mf  his  Difiance  from  the  Eleyated  Pole,  and 
ZP0  94d.  30m. or  6h.  18m.  the  Hour  of  the  Day  from 
Noon  •  which  Triangle  is  made  and  wrought  as  before  in 
Problem  3,  of  this  SeBion,  \npage  232* 

\  N 
Problem  9.  The  Sun’s  Altitude,  his  Azimuth,  and  the  Hour 
of  the  Day  given  3  to  fnd  the  Declination,  and  the  Latitude 
of  the  Place, 

f  Sun’s  Altitude - nd.  30m. 

Example.  The  Sun’s  Azimuth  ««— —  7  5d.  00m.  from  the  N. 

^  Hour  of  the  Day-~o6h.  16m;  Afternoon 
Here  are  two  Angles  and  one  Side  oppofite  given  3  That  is 
Z®  7od.  3am.  the  Complement  of  theSun’s  Altitude,  PZ® 
75d.  TheSun’s  Azimuth  from  the  North,  and  ZP®  94d. 
00m.  or  6h.  1 6m.  the  Hour  from  Noon  3  which  Triangle  is 
made  by  Problem  17.  of  Spheric  Geometry,  and  is  folved  by 
Chapter  5.  Seftion  5.  ProL  8.  Cafe  4  and  5,  of  Spheric; 
Trigonometry  Oblique^  in  page  143)  and  144. 

Problem 


234  Agronomical  Problems'*  Chap  IX« 

Problem  to»  The  Sun’s  Declination,  his  Azimuth,  and  Hour 
of  the  Day  given. $  to  find  his  Altitude,  and  the  Latitude  of  the 
Place. 

C  Sun’s  Declination — ~i9c!,  rom.  North 
Example.  The 2  Sun’s  Azimuth  - — —  79c!.  02m,  from  theS. 

L Hour  of  the  Day  - o8h.  32m  in  Morn. 

Here  are  twoAngles  and  one  fide  oppoiite  given;  as  be¬ 
fore  in  the  lad  Problem  :  That  is,  P®  7od.  5cm.  the  Sun’s 
Diftance  from  the  Elevated  r'oie,  PZ®  109c!. 58m,  his  Azi¬ 
muth  from  the  North,  and  ZP®  5  ad.  Or  3 h.  2  8m.  the  Hour 
of  the  Day  from  Noon;  which  Triangle  is  made  and  wrought 
like  Problem  9.  the  lad  foregoing. 

Problem  1 1,  The  Latitude  and  Longitude  of  a  Star,  and  the 
Obliquity  of  the  Ecliptic  given;  to  find  his  Right  Afcen- 
Hon,  and  Declination. 

Definition  i»  Latitude  of  a  Star,  is  an  Arch  of  a  Circle  of 
Longitude,  contained  between  the  Star’s  .Center  and  the 

Ecliptic. 

2.  Longitude  of  a  Star,  is  an  Arch  of  the  Ecliptic,  con¬ 
tained  between  the  beginning  of  Aries,  and  that  Circle  of 
Longitude  which  paffeth  over  the  Star’s  Center,  and 
counted  according  to  the  SuccefEon  of  the  Signs. 

Example. 

Cabttta  or  >he  Goat  tbrS  Latitude  —  2  ad.  52m.  North 
Laptllafit  .heoo4f,the£Longitude  n  j8d  Q2m 

In  the  Oblique  Spheric  Triangle  PKD,  Plate  7.  Figure  1, 
is  to  be  Noted. 

1.  PK  the  Didance  of  the  Pole  of  the  Ecliptic  from  the 
Pole  of  the  World,  equal  to  the  Ecliptic’s  Obliquity 
33d,  ;om. 

2.  KD  the  Star’s  Complement  of  Latitude,  or  Didance 
from  one  Pole  of  the  Ecliptic, 

3.  PD  the  Complement  of  the  Star’s  Declination,  or  Di¬ 
dance  from  the  agreeing  Pole  of  the  World. 

4.  PKD  it'  s  Longitude  from  2B ,  if  the  Star's  Latitude  be 
North,  but  from  vf  if  it  be  South  ;  That  is,  from  if  the 
Ecliptic’s  North  Pole  be  one  Angle  ;  but  from  V?  if  it’s 
South  Pole  be  one  Angle  of  the  Triangle. 

5.  KPD  the  Star’s  RightAfcenlion  from  V25,  ifits  Latitude 

be  North,  but  from  ©,  if  its  Latitude  be  South:  That  is, 
if  the  Ecliptic’s  North  Pole  be  one  Angie,  ctt.  as  before  in 
the  4th  Sttf .  .  Her? 
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Here  are  two  Tides,  and  one  Angle  between  them  given  * 
That  is,  PK  23d.  50m,  the  Diftance  of  the  North  Poles  of 
the  Equinodial  and  Ecliptic,  KD  674.  08m.  the  Comple¬ 
ment  of  the  Star’s  Latitude,  and  PKD  nd.  s8m.  the  Star’s 
Longitude  from  (wanting  ofj  $>  ;  which  Triangle  is  made 
by  Problem  18.  of  Spherical  Geometyt  in  page  129,  and  i*o0 
And  by  Chapter  5.  SeBion  5.  Problem  9.  Cafe  7,  and  8.  in pages 
144,  and  145.  the  Proportions  are  as  follow. 

Fzrfi,  To  find  the  Star’s  Right  Afcenfion,  the  Operation  is 
i«  AsS.  half  Sum  of  the  Sides  KDand  KP.  - - -  454.15/111. 

Is  to  S.  half  their  Difference  2  id. 

So  isT.c.  ofhalf  the  Angle  PKD———-—* -  844. oim. 

To  T.  half  DifE  of  the  Angles  DPK  and  PDK  784.4001.' 
2.  As  S.c.  half  Sum  of  the  tides  KD  and  KP - ffd  ±lnf 

Is  to  Sc.  half  Difference - __ - 

So  is  Tc,  of  half  the  Angle  PKD  — —  — - >844,0101.* 

To  T.  half  Sum  of  the  Angles  DPK  and  PDK.  8sd.2  7m, 
Unto  which  add  their  half  DifF.  before  found  -  784,40m. 

And  it  giyeth  the  Angle  DPK  - - — - -  i64d.o7m. 

From  which  Tub  trad  aQ  — — - 9od.oom. 

Remainder  is  AM  the  Star’s  Right  Afcenfion--~74d.o7ro; 
from  the  beginning  ofv  required. 

Secondly ;  For  the  Star’s  Declination,  the  Operation  h 5 
As  S.  DPK  Star’s  Right  Afcenfion  from vy  — —  i^d.oymi 

Is  to  S.  DK  its  Complement  of  Latitude  57  d.o8m. 
So  is  S.  PKD  its  Longitude  from  — — ~  3  id. 5 8m* 

To  S.  PD  its  Complement  of  Declination —— 444.19m. 

Wherefore  the  Star’s  Declination  is  North - -  45441  m" 

Problem  1 2.  The  Right  Aljcenjion  of  the  Sany  and  Right  Afcenfion 

of  a  Star  given  •  to  find  the  time  of  the  Star  s  coming  to9  or  tip- 

on  the  Meridian. 

Rule ,  Suhtrad  the  Sun’s  Right  Afcenfion  from  the 
Stars  Right  Afcenfion,  the  Remainder  reduced  into  Time, 
is  the  Time  of  the  Star’s  coming  uoon,  or  to  the  Meridian, 

Note ;  If  you  cannot  fubirad,  add  360  Degrees  to  the 
Star  s  Right  Afcenfion,  and  then  fubtrad. 

Example..  2 he  5 th  of  Odober,  1731  ■  /  demandat  ivbattimc 
Aldebaran,  or  the  Bull’s  Eye?  csmeih  to  the  Meridian  ? 

The 
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f  5 th  of  Oflober,  the  Sun's  Declination  is  8  5  5  S.increafe. 

"■  j£g5,H  *“«■  ;;tBu 

And  therefore  you  may  find  that,  d.  m 

Then  add  ^od.  to  65 d,b3m.  the  Star’s  Right  Afcenfion, 
and  it  is  423d.  03m-  from  which  fubtraft  2C>od,  45m.  the 
Sun’s  Right  Afcenfion,  the  Remainder  is  224CI,  1 8m.  which 
maketh  14b.  57m*  the  Star’s  coming  to  the  Meridian  after 
Noon,  that  is  5700  after  Two  in  the  Morning. 

And  thus  having  found  the  Right  A[cenfwny  Declination  and 
Time  of  any  Star’sComing  upon  the  Meridian,  you  may  by 
Problem  4.  SeBioa  2.  of  this  Chapter,  find  its  Amplitude,  and 
Afcenfional  Difference,  and  thereby  its  Riling  and  Setting  ° 
its  Difiance  from  the  Meridian  at  any  Altitude,  obferved  by 
Problem  1.  SeBion  3.  of  this  Chapter f  in  page  229.  and  (o  the 
Hour  of  the  Night  thereby  -  all  which  I  leave  for  the  Ex~ 
ercife  of  thofe  that  art  learning  thefe  Things. 

Section  IV.  The  DoBrine  of  the  Sphere,  or  Spheric  Trigo¬ 
nometry,  applied  in  fundry  Afironomical  Problems,  ufejul 

in  Navigation,  according  to  the  Pythagorean  Syfiem* 

*T*HE  Pythagorean  Syflem  of  the  World ,  lately  revived  by 
Copernicus ,  is  now  generally  received  by  the  moft,  and 
befi  Afironomers  *  it  being  indeed  the  moft  agreeable  to  the 
Motion  of  the  Heavenly  Bodies ,  confirmed  by  Experience  in 
the  conftant  Obfervation  of  them,  in  which  thefe  are  Fun. 
damentai  Principles. 

1.  That  the  Earth  is  carried  round  the  Sun  in  a  largeOrb 
or  Path,  betwixt  the  Orbs  of  the  Planets  Mars  and  Venus  y 
once  in  a  Year. 

2.  That  hefides  this  Annual  Motion ,  the  Earth  turns  round 
her  own  Axis  once  in  24  Hours. 

3.  And  that  the  (aid  Axis  of  the  Earth,  is  inclined  to  the 
Plane  of  her  Orb  at  the  fame  angle,  and  keeps  in  all  parts 
of  it,  nparly  Parallel  to  it  felf. 

On  thefe  Affertions,  but  chiefly  the  Second  *  to  wit,  the 
Diurnal  Motion  of  the  Earth  about  its  own  Ants  once  in  24 
Hours,  whereby  all  the  vifible  Appearances  of  the  Sun,  and 
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FixedStarsare  folved,  I  fhallat  prefenc  confine  myDifcourfe, 
and  on  which  the  following  Problems  are  grounded. 

In  order  to  a  right  understanding  thereof,  I  will  defcribc 
the  Circles  of  the  Sphere,  and  how  they  are  drawn  in  the 
Sterographical  Projection,  on  the  Plane  of  the  Earth’s  Ecliptic , 
before  I  fhew  how  to  calculate  any  of  its  Requifites. 

Note)  In  the  following  Defcription,  I  make  u(e  (Tor  the 
moft  part,)  of  the  fame  Letters  for  the  fame  things,  as  before 
in  the  Ptolomaic  Projections  treated  of  in  this  Chapter 

* The  Defcription  of  the  Circles  of  the  Sphere  (as  grounded  on  toe 
antient  Pythagorean,  or  Copernican  Syftem  of  the  World,  are 
as  folloiveth . 

i;  The  Sun  illuminateth  one  half  of  theBody  oftheEarth 
continually  ;  as  reprefented  by  Plate  8;  Figure  i,  and  2. 
wherein  the  Lines  HKS,  or  HLS,  which  determineth  the 
illuminate  Part  of  the  Earth’s  Dish  A  ®  S,  from  the  obfcure 
HDS  j  the  faid  HKS,  or  HLS,  is  called  the  Horizon  of 
the  Earth’s  Dish. 

2.  The  Primitive  Circle  is  the  Earth’s  E- 

cliptie  ;  which  ever  iieth  in  the  Plane  of  the  Ecliptick  in 
the  Heavens 

The  Poles  of  the  Ecliptic  are  K  and  L  5  the  firfi:  is  the 
North  Pole  ot  the  Ecliptic,  on  the  Earth  s  Globe,  and  the 
latter  the  South  Pole  thereof. 

The  Poles  of  the  Earth’s  Globe  are  P  and  I  ;  the  firft  its 
North  and  the  latter  its  South  Pole  3  each  being  23d.  30m. 
from  its  correfpondent  Pole  of  the  Ecliptic  3  that  is  KP, 
equal  to  LI,  is  equal  to  23d.  30m.  on  the  Scale  of  Half  Tan¬ 
gents,  and  its  called  the  Line  of  Dire&ion  of  the  Earth’s  Axis. 

3*  The  Equino£fial  in  the  Heavens,  or  Equator  on  the 
Earth,  is  reprefented  by  the  Oblique  Circles  y  Q  £s>  or 
YiE  £0  of  which  P  and  I  are  the  Poles;  and  they  are  drawn 
with  the  Secant  of  23d.  30m.  according  to  Problem  2.  Cafe  2 . 
of  Spherical  Geometry,  in  page  112,  and  113  ? 

4,  All  Meridians  pafs  through  the  Poles  of  the  Earth  s 
Globe;  as  here  V PtS,  or  Tl^,  are  Meridians,  and  drawn 
with  th e  Secant  of  66&.  30m.  the  Complement  of  23d.  30m* 
as  before. 

or  Y ’I ^5  is  called  the  Firft  Meridian  ;  and  the 
Meridian  <$PK Yf,  or  SsLlYf  is  the  Earth’s  Solftitial Colure : 
for  whenever  thedire£l  Rays  of  the  Sun  run  Parallel  to  this 

Meridian,  and  that  is  when  the  Sun  appears  from  the  Earth, 

to  ' 

/  ■  -  '  '' 
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to  be  either  in 3  and  ^5  then  the  Longeft  or  Sbarteff  Days  are 
made  in  all  Places  on  the  Globe  of  the  Earth. 

The  Earth’s Equino&ial  Colure,  is  Y'K^or  'TL^for 
whenever  the  Central  Rays  of  the  Sun  run  parallel  to  it,  the 
Days  and  Nights  are  equal  in  all  places.  Or  according  to  the 
Ptohmaick,  Syflem^  the  Meridian  T  P  £:>  and  rf  I^s  is  the 
Equinoiiial  Colure,  tho’  here  we  call  it  the  firft  Meridian, 

5.  Circles  of  Longitude,  pafs  thro’  the  Poles  of  the  Eclip¬ 
tic,  and  in  this  Proje£Kon,  are  Rivht  Circles  $  therefore 
are  PraitLines^  as  T K  3,  0KD,Spc. 

Wherefore  the  Point  in  the  Earth’s  Periphery,  oppofite 
to  the  Sun,  dr  to  a  Star,  or  lying  in  a  flraitLine  produced 
from  K,  or  L,  thro’  the  Center  of  the  Sun,  or  any  Star,  is 
called  the  Sun’s  or  Star’s  place  in  the  Ecliptic* 

Thefe  are  the  Great  Circles  belonging  to  this  Projection, 
Now  followetb, 

The  Dejcription  of  the  Parallels  or  Lejjer  Circles . 

<T»  Parallels  of  Declination,  are  hereParalleis  to  anOblique 
Circle  5  the  Equino&ial  yQj£s,  and  V-AE^:,  being  fiich. 

The  Tropic’s  are  two  Parallels  of  Declination,  diftant 
from  the  Et]uino£lial  23d  30m.  or  66&.  3  cm.  from  each  Pole 
of  the  World  5  as  ^fg  f$B,  and  \f  h  i  h  vy  •  the  firftis  the. 
Tropic  of  Cancer,  the  latter  is  the  Tropic  of  Capricorn. 

Thefe  Tropic’s  are  thus  drawn  5  from  the  Scale  of  Half 
Tangents  lay  on  the  Sol  final  Co  lure  4yd.  (the  double  of  23d. 
50m*  from  Y?  to  g,  or  from  3  to  i.  Or  thus  3  lay  the  Half 
Tangent  of  43d.  (the  Complement  of  4yd  J  from  K  to  g.  or 
from  L  to  i:  Then  the  middle  between  <3£  and  g$  or  be¬ 
tween  vs  and  i,  is  the  Center  of  thefe  Tropics. 

The  Polar  Circles,  are  two  Parallels  of  Declination,  di¬ 
ftant  from  the  Equino&ial  66d.  30m.  or  23d.  3cm.  from 
each  Pole  of  the  World  :  asKnonK,  and  L  p  r  p  L$  the 
fir  ft  is  the  Artie,  the  other  the  Antartic  Circle, 

They  are  thus  drawn,  on  the  SolfUtial  Cloure ,  lay  the- Ha  If 
Tangent  of  47d.(the  double  of  23d.  30m.)  from  K  to  o,  or 
from  L  to  r$  then  the  middle  between  K  and  o,  or  between 
L  and  r,  is  the  Center  of  thofe  Polar  Circles, 

7.  Parallels  of  Latitude,  with  rdpe£f  to  the  Heavens,  are 
in  this  ProjeBien  parallel  to  the  Primitve  Circles  which  here  is 
the  Ecliptic:  as  any  Circle  drawn  on  K  or  L  3  as  a  Center 
is  a  Parallel  of  Latitude. 

All  the.L'  Circles  are  General,  as  belonging  to  this  Projec¬ 
tion 
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tton,  without  any  regard  to  the  Latitude  of  any  particular 
Place,  on  the  Globe  of  the  Earth  .*  The  Defcription  of  the 
Meridians,  or  Hour  Ckcles  Azimuths  and  Parallels  of  La¬ 
titude  j  alio  how  to  draw  them  fthefe  being  peculiar  to  a 
particular  Latitude)  you  (hall  have  in  their  proper  place*  as 
they  come  in  ufe  in  the  following  Problems. 

Problem  I*  The  Sun  s  place  in  the  Ecliptic  given  •  to  find  his 
Diftance  from  the  North  or  South  Foie  of  the  Globe ;  his  Right 
Afcenfion  ;  and  the  Angle  'which  the  Meridian  puffing  through  it  9 
maizes  with  the  Ecliptic. 

Example.  The  Sunys  place  being  \n  the  beginning  of  JJ  T 

Degrees  from  the  firjl  Point  of  nf  ;  l  demand  his  Difiance  from 
tbg  Polef  &c. 

1.  To  do  this,  lay  the  Sun’s  Longitude  from  Y  6q<L  on 
the  Primitive  Circle,  from  T  to  ®. 

2.  Through  ®  and  P,  or  ®  and  I,  draw  a  great  Circle 
®  P  D,  or  ©  I  D,  which  is  the  proper  Meridian,  to  the 

Place  of  the  Sun. ' 

3-' Then,  between  the  proper  Meridian,  the  Ecliptic,  and 
the  Solditial  Colure,  there  is  formed  a  Reffangle  Spheric 
Triangle,  having  its  Legs  given  5  to  find  the  Hypotenufe, 
and  two  Angles ;  That  is. 

In  the  Re&angle  Spheric  Triangle  P  gs  ©,  or 
Plate  S.  Figure  1  and  2. 

1.  The  Leg  g>  ®,  is  the  Complement  of  the  Sun’s  Lon¬ 
gitude  from  Y>  or  his  Didance  from  the  Equinoctial?  30*!. 

2.  The  Leg  S  P,  or  I,  the  Didaoce  of  the  Pole  of  the 
Globe  from  the  Ecliptic  }  or  the  Complement  of  the  Di¬ 
stance  of  the  Poles  of  the  Globe  and  the  Ecliptic  66&.  20m. 

3.  The  Hypotenufe  P®,  or  I®,  the  Sun’s  Didance  from 
the  North,  or  South  Pole  of  the  Globe. 

>  4.  The  Angle  g>P®,  or  ®I®c  the  Complement  of  the 
Sun’s  Right  Afcenfion,  from  the  neared  Equinoctial  Point? 

5.  The  Angle  P  ®  05,  or  I®©,  the  Angle  of -the  proper 
Meridian  with  the  Ecliptic. 

I.  For  the  Sun’s  Didance  from  the  Pole?  the  Proportion  by 
Chapter  5.  Section  4^  Problem  5.  Cafe  14,  of  Spherical  Trigonome¬ 
try)  Reft  angular^  in  page  1,39  and  140*  is  thus 
AsRadius  ••  S.c.Leg:<S®:'S.c.LegSF  Sc.  Hypotenufe  P®* 
As  S-9od..-*  S  60  deg.  : :  S-  23d.  30m.  ••  S-  2cd,  1  zm-  the 
RefieBion.  That  if. 

As  the  Radius,  is  to  the  Sine  of  Sun’s  Longitude" from  the 
Equinodial.  lo 
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So  is  the  Sine  of  the  two  Poles  Diftance,  to  the  Sine  Com¬ 
plement  of  his  Di/lance  from  the  neareft  Pole  of  the  Globed 
or  to  the  Sine  of  PB,  or  IB  the  Reflexion,  which  is  equal 
to  the  Sans  Declination  in  the  Ptolomaic  Syftem  :  In  this  Cafe 
20 d.  12m.  North* 

2-  For  the  Suns  Right  Jfcenfion ,  the  Proportion  is; 

As  Radius ..  S.  Leg  Ps>  : :  Tc.Leg®S  ••  Tc.  Angle  $  P®. 
As  S.  9od. ..  S.  66&S om  :  :  T.dod. ..  T.  5yd,  4<?m.§  ®  Right 
jtijcenfion  1  hat  is, 

As  the  Radius,  is  to  the  Sine  Complement  of  the  two 

Poles  D i dance; 

So  is  the  Tangent  of  the  Sun’s  Longitude  from  the  near- 
eft  Equinox,  to  the  Tangent  of  his  Right  Afeenfion  from 
the  faid  Equinox. 

3.  For  the  Angle  of  the  proper  Meridian  with  the  Eclip^ 
tic,  the  Proportion  is  thus ; 

As  Radius  ..  S.  Leg  55®  ::  T*c.Leg®P  *  T.c*  Angle  P®  25 
As  S.pod. ..  S.  god* : i  T.  23d  30m...  T.  nd.  16m. 

Which  fubtra£I  from**^—*  — - pod.  00m. 

The  Remainder  being  ~  — 7 yd.  44m.  is  the 

Angle  of  the  Meridian  and  the  Ecliptic. 

In  the  fame  Triangle  may  Problem  and  3,  of  SeBion  24 

of  this  Chapter  be  refolved,  which  I  pals  over. 

Problem  2.  Tbs  Latitude  of  a  Place  on  the  Globe  of  the  Earthy 

and  the  Suns  Place  in  the  Ecliptic  given ;  to  find  his  Amplitude, 

and  Jfcenfwnal  Difference  ^  and  conjequently  his  Rif ng  and  Setting 

C  Latitude  5  id.  22m.  N  ?  •  r 
Ex  The  I  ,  j  5  •  ’  nven  Sun 

1  1  Sun  5  Place  ocd.  oorn.in n  S6 

Required.  Plate  8.  Figure  1  and  2. 

1.  To  do  this,  after  you  have  done  what  was  dire&ed  in 
Problem  1.  then  get  the  Sum,  and  Difference  of  the  Latf 
tilde’s  Complement,  and  the  Diftance  of  the  two  Poles;  that 
Is,  the  Sum,  and  Difference  of  3 8d.  28m.  and  2  3d.  30m.  the 
firft  is  6id.  58m.  and  the  latter  is  J4d.  58m. 

2.  Then  make  K  t.  or  Lt,  equal  to  the  Half  Tangent  of 
6id  58m.  and  alfo  K  m,  or  L  m,  equal  to  I4d.  58m.  on 
the  fame*$cale. 

3.  The  middle  between  rn  and  f,  is  the  Center  of  the 
Circle  a  b  c  a  t  d  e  h  m,  which  is  the  Parallel  of  Latitude 
for  5 id,  32m.  and  in  this  Projection,  its  the  Line  delcribed 
by  London ,  as  the  Earth  turns  round,  and  from  thence  is  cal¬ 
led  the  Path  of  the  'Prertty>« 

And 


,  c  Jmp.  and 
4  AJcenPDijfi, 
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And  if  you  Conceive  the  GnW,  aI!  the  Merits,  the  Path 
ofany  ^  and  tndeed  ail  the  Lines  and  Circle  that  are 

the^  \heT-mr/1be  dercnbed  wzfxeJ  Rtte,  clofeinveftine 
he  Earrh ,  whilft  /lie  turns  round  within  it,  whofe  Motion  t- 

bout  its  Ax,s  being  from  Wefi  to  Earthen  the  Sun  is  faidto 

si/c,  when  the  rwtexpaffeth  that  Point  in  the  Path  where  it 

cute  the  Her, ion  of  the  Earth' .  which  is  here  at  'a ,  To 

Culminate  or  on  the  Median  where  it  croffeth  the  proper MrW- 

*f,?B  betwixt  him  and  the  Pole,  which  here  is  at  z  ;  and  to  &r 

where  the  f  ert«  palTeth  the  other  Interfe&ion  of  the  Path  and 
Horizon,  as  here  at  h. 

4.  Thro’ a,  and  ®,draw  a  great  Circle,  as  olfo  thro’a  and 
X  ,  fo  have  you  two  TW/tf)  on  the  £tf-/*  of  the  Meridian  . 
o  wit,  ®  Pa  and  PBa  5  in  like  manner  if  you  draw  Great 

twoTS‘  r?  arie  L’  n',d  lj  r“'  ®* and  h  j  they  will  form 
two  Triangles  on  theWeft.or  defending  Side  of  theMtrid,a»i 

But  any  one  of  thefe  four  Triangles  may  ferve  to  anfwer  the 
/VoatoK  and  tnerefore  I  take  one  Triangle  at  Sun  Rifmg,  which 
,may  fuffice  for  Setting;  wherein  oblerve, 

inthe  Right-angled  Triangle  PBa,  Plate  8.  Figure  r 
c  V  £ he  Leg  PB  the  Refleftion  or  that  which  is  equal  to  the 
SmsVeclmamn,  found  by  Problem  1.  inf  age  a  39,  to  be  rod, 
i:m.  North. 


2.  The  Hypotenuje  pa,  the  Complement  of  the  Latitude  of  the 

Place  or  the  Diftance  of  ihe  Pole  from  the  Vertex,  in  this  Ex¬ 
ample  3  8d.  28m.  ' 

3.  TheAngk  Bap  the  Amplitude,  or  the  Complement  of 
the  Sun  s  Azimuth ,  from  the  North  in  North  Latitude  ;and  from 
the  South,  in  South  Latitude  ;  lor  the  Angle  ?a  @  is  the  Azi~ 
mutb  from  the  North  at  to  Rijlhg,  and  the  Angie  Ea P  is  its 
Complement ,  and  therefore  equal  to  the  Amplitude - 

.  4*  The  Angle  BP*,  the  Hour  from  Midnight  •  that  is,  the 
time  of  his  Rifing  after,  and  Setting  before  11  at  Night. 

I.  For  the  An^le  R^P ,  the  Suns  Amplitude  ;  the  Proportion 
by  Chapter  5,  ScBion  4.  Problem  1,  Caje  2.  in  page  135,  and  1 3  6f 
is  thus  ; 

As  the  S  Hypotenufe  Pa  ••  Radius : ;  S-  Leg  BP  -  $,  ,4;,r/*  BaP. 
As  the  S.  38d.  28m*  -  S,  >od,  S.*aod.  12m.**  S.  33d,  4301* 
That  is, 


o  4s  the  Sine  Complement  of  the  Latitude  is  to  the  Radius  • 
00  is  the  Sine  of  the  RcfieBion,  to  the  Sine  of  the  Suns 
Amplitude ;  33d,  43m.  from  the  Eaft  Northerly ,  at  5*».Rifng  ; 
and  from  the  Northerly,  at  to  toiwg, 

Q  2,  F or 
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2;  For  the  Angle  BFa,  the  Complement  of  the  Afcen- 
fional  Difference,  the  Proportion  by  the  aforel’aid  Problem  u 
Cafe  i.  in  page  135,  is  thus, 

As  theRadius ..  T.c:Hypot.P<*  :  s  T  LegBP  *.S.c  AngleBP*. 
As  theT.  45d. ..  T.  5  id.  32m  ::  T.  iod.  12m.-  S  2  7^3  5m. 
the  ^»»*jAfcenfional  Difference,  which  isorh.5om.  before  6, 
his  Rifing;and  as  much  after  6,  is  the&wh  Setting;  becaufe 
its  North- Latitude,  and  the  Sun  is  in  a  Northern-Sign  ;  but  it’ a 
the  contrary,  when  nne  is  North  and  the  other  South- 

In  this  Triangle  may  Problem  4,  5,  6,  7,  8,  9>  10*  an<^  rI> 
of  Sefiion  2.  of  this  Chapter  befolved- 

Problem  3.  The  fame  given  as  before  in  Problem  2.  to  {in d  the 
Sun’s  Diftance  from  the  Vertex,  when  due  Eaft,  or  Weft  ,  and  the 
Time  from  Noon  when  he  Jhall  be  jo,  Plate  8.  Figure  1, 

'  Example* 

Latitude- - 5  id-  32m.N.  T  •  .  ThJSjl"s  Zflthl  O, Ranee. 

Sun’s  Place  n  00  00  J  S  ’  .1  Time  when  be  is  Eaft. 

or  JVefi  Required . 

1.  To  delineate  this  5  after  the  proper  Meridian,  an4 
Path  of  the  Vertex,  or  Parallel  of  Latitude  is  drawn,  as  before 
in '  Problem  1  and  2.  Then  thro’  ©  and  D,  draw  a 
Great  Circle,  juft  to  touch  the  Path  of  the  Vertex,  on  either 
fide  of  it,  as  the  Oblique  Circles  @  c  d,  and  ®  d  D 

2.  Through  P  and  c  3  or  P,  and  d;  draw  a  Great  Circle, 
to  cut  0  c  d,  or  ®  d  D  at  Right  Angles,  in  the  Place  of  the 
Vertex,  when  the  Sun  fhall  appear  due  Eaft,  or  Weft  :  And 
then  there  is  formed  two  Triangles,  Pc®,  and  P  d©  3  one 
when  the  Sun  is  E:  and  the  other  when  he  is  W  ;  in  each 
the  fame  things  are  given  and  required.  Therefore  obferve,  i 

in  the  Reft  angle  Triangle ,  Pc®.  Plate  8,  Fig.  1. 

I.  The  Hypotenufe  P®  the  Sun's  Diftance  from  the  Pole , 
found  by  Problem  i-  to  be  69 d.  48m.  the  Complement  of 


the  Rt flexion. 

2.  Ihe  Leg  Pc,  the  Diftance  of  the  Pole  from  the  Vertex 
05  Complement  of  the  Latitude,  in  this  Example  38d.  28m. 

3.  The  Leg  ©  c,  the  Sun  s Diftance  from  the  Vertex, or  Com¬ 
plement  of  his  altitude  when  Eaft:  and  the  fame  when  Weft 

4.  The  Angle  (5) Pc,  |:he  Hour  from  Noonf  when  he  is 
or  fhall  appear  to  be  Eaft,  or  Weft. 

1 .  For  the  Leg  ®  c,  the&to’i  Zenith  Diftance,  the  Pro¬ 
portion  by  Chapter  5,  StFiion  4 .*  Problem  1.  Cafe  3,  in  page  135, 
and  i  is  thus,  As 


I 
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he  S.c  Leg  Pc.  ••  Radius:;S.cT//for  ®  P  ••  $.c.feg,®c. 
he  S.  5 1°  32  ••  S.  9od  ::  S.  2cd*  12m.  *•  S,z6.io*Sun,sj3V 
le  when  Eaft*  and  the  fame  when  Weft, 

That  is, 

s  the  Sine  of  the  Latitude ,is  to  Radius  $ 

0  is  the  Sine  of  the  Refi  Hhn,  to  the  Sine  Complement  of 
W5  Zenith  Diftanee  3  or  his  Diftanee  from  the  Vertex,  in 
Cafe  6 3d,  50m. 

For  the  Angle  ®  Pc,  the  Hour  from  Noon, the  Proportion , 
bus  3 

xdius  ••  T.  Leg  Pc::T c.Hipot  ®P  ..  Sc>Angle0?c. 
.45d.T.3§d,28d. ::T*2od.  12m.  -S.  17c!. oom-or  ih.8m 
That  is  5 

s  the  Radius ,  is  to  the  Tangent  Complement  of  the  Latitude * 

3  is  the  Tangent  of  the  ReflJil’on,  to  the  Sine  Complement  of 
Hour  from  Noon*  when  the  Sun  is  due  Eaft,  or  Weftj 
lis  Cafe  he  is  Eaft  at  8m  after  7  of  the  Clock  in  theFore- 
and  Weft  at  52m.  after  4  in  the  Afternoon. 

1  this  Triangle  may  Problem  18  19,  20,  21,  22  and  23, 
eftion  2,  of  this  Chapter  be  refolved. 

)lem  4.  The  fame  given  as  before  in  Problem  2  to  find  the 
ins  Diftanee  from  the  Vertex  3  and  his  Azimuth  at  the 
of  Sixy  Plate  8*  Figure  ie 

Example 

f  Latitude—,  cid.gam.N *  .  c  ,  ^tienVifll 

1  Sm's  Place  H  00  00  VVe”  5 Tbt  *"  *  \  Aumub 
fix  of  the  Clocfi,  is  required , 

To  Delineate  this  3  after  the  proper  Meridian  ,and  Path 
\e  Vertex  is  drawn, as  before  in  Problem  2.  J  hsn  thro5’?, 

'  a  Great  Circle,  at  Right  Angles  with  the  proper Meridz- 
i  cut  the  Path  in  b?  and  in  e;  and  the  Horizon  ft  theEarth*S 
?in  A3  where  it  always  interfe£fs  the  Equator 3  as  theOb* 

:  Circle  AbPe,AbIe^  which  is  the  Meridian  or  Hourm 
of  6,  fo  that  b  (in  the  Path)  is  the  Place  of  the  Vertex 
in  the  Morning;  and  e,  its  Place  when  6  Afternoons 
Therefore  thro’®,  and  b  3  or  ® ,  and  e  ;  draw  a  great 
e,and  you  will  form  two  RighrAngied  Triangles  bP®* 
®  3  one  of  them  isfufficient  to  folve  the  Queftion,  be- 
equal  Triangles*  If  you  take  the  firft  at  6  in  the  Mof fl¬ 
it  follows. 

the  Right-angled  Triangle  bP0.  Plate  8.  Figure  fa 
The  Leg  Pbj  the  Diftanee  of  the  Pole  from  the  Vertex. 

Q  * 
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%  for  the  Angle  BP<*,  the  Complement  of  the  Af< 
fional  Difference,  the  Proportion  by  the  aforefaid  Proble 
Cafe  i.  in  page  13  5?  *s  thus} 

As  theRadiu8..T.c:Hypot.P a  :  :  T'LegBP  ..S.c  Anglel 
As  theT. 45^. ..  T.  5 id.  32m  : :  T .  iod.  nm.-S  27d5 
the  tywWcenfional  Difference,  which  isoih.50111.  beto 
his  Rifing;and  as  much  after  6,  is  the  Suns  Setting;  bee 
its  North- Latitude,  and  the  Sun  is  in  a  Northern-Sign  ;  bu 
the  contrary,  when  one  is  North  and  the  other  South. 

In  this  Triangle  may  Problem  4,  5,  6>  7,  8,  9,  10,  and 
of  Sett  ion  2*  of  this  Chapter  befolved- 
Problem  3.  The  fame  given  as  before  in  Problem  2 •  to  fin 
Sun’s  Diftance  from  the  Vertex,  when  due  Eaft,  or  Weft  ,  ar, 
Time  from  Noon  when  he Jball  be  fo .  Plate  8.  Figure  1, 

'  Example* 

latitude-—  5  id-  321T1.N.  I  -  .  Zenith  Did 

Sun's  Place  n  00  00  ’  1  Twt  w6«»  be  >t . 

or  WeR  Required. 

i  To  delineate  this  5  after  the  proper  Meridian, 
path  of  the  Vertex,  or  Parallel  of  Latitude  is  drawn,  as  be 
in '  problem  1  and  2.  Then  thro’  ©  and  D,  dr. 
Great  Circle,  ]uft  to  touch  the  Path  of  the  Vertex,  on  d 
fide  of  it,  as  the  Oblique  Circles  @  c  d,  and  0  d  D 

2.  Through  P  and  c  5  or  P,  and  d;  draw  a  Great  v. 
to  cut  ©  c  d,  or  0  d  D  at  Right  Angles,  in  the  Place  t 
Vntex,  when  the  Sun  fhall  appear  due  Eaft,  or  Weft  : 
then  there  is  formed  two  Triangles,  P  c  ®,  and  P  d0  ; 
when  the  Sun  is  £:  and  the  other  when  he  is  W  ;  in 
the  fame  things  are  given  and  required.  Therefore  obfsr 
In  the  R  *8  angle  Triangle,  Pc©.  Plate  8,  Fig.  1. 

I.  The  Hypotenufe  P  0  the  Sun's  Didance  from  the 
found  by  Problem  !•  to  be  6pd.  48m.  the  Complemer 


the  Rtfledion. 

2.  1  he  Leg  Pc,  the  Diftance  of  the  Pole  from  the  V 
or  Complement  of  the  Latitude,  in  this  Example  38d, 

3.  The  Leg  ®  c,  the  SunsDittance  from  the  Vertex, or  - 
element  of  his  altitude  when  Eafi  •  and  the  fame  when 
*  4.  The  Angle  ©Pc,  the  Hour  from  Noon ,  when 

or  fhal!  appear  to  be  Eaft,  or  Weft. 

1.  For  the  Leg  ©  c,  thedWi  Zenith  Diftance,  the 
portion  by  Chapter  5.  St&ton  4;  Problem  1 .  Cafe  3,  m  page 
and  136*  is  thus* 
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As  the  S.c  Leg  Pc.  ••  Radius::S.c.J%f  ©P  ••  S.c.teg,©c. 

As  the  S.  5 1  5  2  ft  9°d  S.  zed.  I  :ni.  ••  S,z6.io*SHn'sjjl~ 
titude  when  Eaft,  and  the  fame  when  Weft. 

That  is, 

As  the  Sine  of  the  Latitude,  is  to  Radius 
So  is  the  Sine  of  tne  Refl  'vim,  to  the  Sine  Complement  of 
ihe  Sun  s  Zenith  Difiance  *  or  his  Diftance  from  the  Vertex,  iti 
this  Cafe  63d,  50m. 

2.  For  the  Angle  0  F  c,  the  Hour  from  Ni?Gw,the  Proportion % 

or  thus  5 

AsRadius  T.  Leg  Pc::Tc.£%r  ®P~  Sc  .Angle  ®Fc. 

A$T.45cJ.T. 3§d.28d. -aod.  12m.  --S.  i7ci.  oom-or  ih.Sna 
That  is  $ 

As  the  Radius ,  is  to  the  Tangent  Complement  of  the  Latitude* 
So  is  the  Tangent  of  the  Refilcft'on,  to  the  Sine  Complement  of 
the  Hour  from  Noon*  when  the  Sun  is  due  Eaft,  or  Weftj 
In  this  Caie  he  is  Eaft  at  8m  after  70!  the  Clock  in  theFore- 
noon,  and  Weft  at  52m.  after  4  in  the  Afternoon* 

In  this  Triangle  may  Problem  18  19,  20,  2i,z2and  235 
of  StBion  2,  of  this  Chapter  be  reiolved. 

Problem  4.  The  fame  given  as  before  in  Problem  2  to  find  the 
Sun  s  Diftance  horn  the  Vertex  3  and  his  Azimuth  at  the 
Hour  of  Six ,  Plate  8-  Figure  i. 

Example  ^ 

1*1.  t  Latitude— m.N  |  .  c  ?  Dills 

Tke  1  Sm’s  Place  H  00  oo  Th‘S“»  1  \  AuJ,b 

at  fix  of  the  Clock. is  required , 

1.  To  Delineate  th  is  5  after  the  proper  Meridian  ,and  Path 
of  th q  Vertex  is  drawn, as  before  in  Problem  2,  .'.Then  thro’P, 
ctraw  a  Great  Circle,  at  Right  Angles  with  the  proper Meridi. 
an*  to  cut  the  Path  in  b,  and  in  e>  and  the  Horizon  of tbeEarth's 
Diskein  A  5  where  it  always  interfe£Ts  the  Equator 3  as  the  Ob* 
iique  Circle  AbPe,AbIe$  which  Ts  the  Meridian  or  Hour , 
Circle  of  6y  fo  that  b  (in  the  Path)  is  the  Place  of  the  Vertex 
at  6  in  the  Morning;  and  e,  its  Place  when  6  Afternoon, 

2.  Therefore  thro*®,  and  b  3  or  ®,  and  e  ;  draw  a  great 
Circle, and  you  will  form  two  RighrAngled  Triangles  bP®, 
or  eP®  5  one  of  them  isfufticient  to  folve  the  Queftion,  be¬ 
ing  equal  Triangles;  If  you  take  the  firft  at  6  in  the  Morn¬ 
ing  $  it  follows. 

In  the  Right-angled  Triangle  bPQ.  Plate  8.  Figure  r. 

I*  The  Leg  Fbj  the  Diftance  of  the  Pole  from  the  Vertex . 

Q  a-  ©£ 
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or  the  Complement  of  the  Latitude  ;  in  this  Example  3$d.  2.8m* 

The  Leg  P®,  the  .WiDittance  from  the  Pole  found  bv 
Prob.  i.  to  be  dpd^Sm.  the  Complement  of  the  Reflection. 

3.  The  Hypotenufe  bGL  the  Suns  Jjiflance  from  the  Vertex , 

or  Complement  of  his  altitude  at  the  Hour  of  6.  # 

4..  The  Angle  Pb®,  his  Azimuth  from  the  North,  in  all 
North  Latitudes,  and  the  contrary  in  South  Latitudes  : 

For  in  what  part  of  the  Pathf oever  the  Vertex  is  found,  that 
part  of  the  Hour  Circle,  intercepted  betwixt  it  and  the  North 
Pole  of  the  Globe,  is  the  North-part  of  that  Meridian,  or 
Hour-Circle  *  and  intercepted  betwixt  it  and  the  Soutbrole, 
is  the  South  part  of  the  Meridian.  #  \  u 

5.  For  the  Hypotenufe  b®  the  Sun  s Zenith  Diftance  at  the 
Hour  of  the  Proportion  (by  Chapter  5.  SeClion  4,  Problem  5* 
Cafe  14  in  page  139.  and  140.)  is  thus  *  “ 

Radius  ••  S.o  Leg  P  b  : :  S  c.  Leg  P  O  ..  S.c.  Hypot.  b  0- 
S  9cd.  •  S  5  id.  32m  ::S.  aod.iarn.  *•  S*  1 5^.  41m.  Sun  sAitit- 
tude  at  6  n  the  Morning  or  Afternoon. 

That  is  ; 

As  toe  Radius  is  to  the  Sine  of  the  Latitude ;  4 

So  is  the  Sine  of  the  Reflection,  to  the  Sine  of  the  Sun  s 
Altitude,  or  Complement  of  his  Didance  from  the  Vertex, 

at  the  Hour  of  7  4d  19m. 

2.  For  the  Angle  Pb®.,  his  Azitnuth  at  6,  tne  Propor¬ 
tion  is  thus;  .  , 

As  Radius  S,  teg  Pb  : :  T.c,  Leg  P®  - T  c.  Angle  Pb®. 

A 5.  S  9od-  ..S*  3 Bd. 28m. :  :T  2od.  12m. ..  Tizd^m.  Sun  s 
Azimuth  from  the  Eaft,  at  6  in  the  Morning  j  but  from  the 
Wt if  at  6  m  the  Afternoon. 

That  is  3 

AsthcRadiuCs  to  the  Sine  Complement  of  the  f  latitude  3 
So  is  the  1 'an gent  of  the  Reflexion,  to  the  TangentCom- 
plement  of  the  Sun  s  Azimuth  from  the  Meridian,  at  the 
Hour  of  6  in  this  Cafe  it’s  7 7H  07m.  from  the  North  ;  that 
is,  almoli  E.  by  N.  at  6  in  the  Morning,  and  near  W.  by 
N-  at  6  in  the  Afternoon* 

In  this  Triangle  may  Problem  12,  13,  14,  1 5»  and  17* 
of  SeBion  2.  of  this  Chapter  be  folveeL 

Problem  5.  The  Sun  in  the  Equinox ,  the  Latitude  of  a  hlacey  and 
his  Altitude  given  \  to  find  his  Azimuth ,  and  Hour  of  the  Day.  t 
Note  ;  the  Sun  is  faid  to  be  in  the  Equinox ,  when  he  is  in 
the  beginning  of  and  then  he  hath  no  Declination. 


\  . 
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pv  T heJ  latitude  5  id,  3  2  N«  >  .  .  ^  C  iSW/  Mmuth* 
lK‘rht\  ®Alutuit  ,  5  H.lM.  TheiHo,rof,beD,y 

Required.  To  delineate  this.  P/<*r*  8.  Figure,  i  , 

1,  Suppoilng  the  Sun  in  the  beginning  of  y,  and  then 
the  Hoiizon  of  the  Earth’s  Diske  is  PKyp,  and  the  pro¬ 
per  Meridian  then  is  yp£:  :  the  Sun’s  Riling  at  London  is 
at  m*  his  Setting  at  t,  &>c.  The  Path  of  the  Vertex  being 
drawn  as  before  in  Problem  2. 


2.  Then  ( by  Problem  9.  Cafe  2 .  of  Spherical  Geometry,  in 
page  12 1.)  draw  a  Parallel-Circle  at  5  yd.  diftance  from  V, 
to  cut  the  Path  in  b  9  the  place  of  the  Vertex  of  London, 
when  its  Diftance  from  the  Sun  is  5  yd*  the  Complement  of 
tho given  Altitude, 

3*  Draw  a  Meridian  through  P  and  b ;  asalfo  a  GreatCir- 
cle  through  b  and  T ,  the  place  of  the  Sun,  fo  will  you  form 
the  Triangle  yPb,  and  bPK  5  either  of  them  will  folve  the 
Queftion  :  As, 

In  the  Right  Angle  Triangle  f  Kb<  Plate  8*  Figure  f . 

1.  The  Hypotenuje  Pb,  the  Diftance  of  the  Pole  from  the 
Path  of  the  Vertex,  or  Complement  of  the  Latitude, 
gSd.  28m. - 

2.  The  Leg  Kb,  the  Sun’s  Altitude,  or  the  Complement 
of  his  Diftance  from  the  Vertex^  99  Degrees, 

9*  T  he  Angle  PbK  (the  Supplement  of  the  Angle  Pby% 
the  Sun’s  Azimuth  from  the  North)  the  Sun’s  Azimuth  from 
the  South,  in  all  North  Latitudes 9  but  from  the  North  in 
South  Latitudes. 

4.  The  Angle  bPK,  (the  Complement  of  the  Angle  bP  y 
the  Hour  from  Noon)  is  the  Hour  of  rhe  Day  from  6» 

1.  For  the  Angle  PbK,  the  Azimuth  from  the  Meridian, 
the  Proportioa  (by  Chapter  5.  SeHim  4.  Problem  1.  Cafe  1.  in, 
page  1 9  5.)  is  thus  9 

As  Radius  T.c.  Pfypot. Pb  :  •  T«Leg  Kb ..  S  c  Angle  PbK. 
AsT.  4  5d  ..  T«5id.  92m.  .* ;  T.  9  ..  S  54d.  4pm,  the  Sun's 

Azimuth  from  the  Eaft.  That  is  • 

As  the  Radius,  is  to  the  Tangent  of  the  Latitude  9 

So  is  the  Tangent  of  the  Sun’s  Altitude  ;  when  in  theE* 
quinox)  to  the  Sine  Complement  of  his  Azimuth  from  the 
South,  that  is  3$d.  urn.  S.  E.erly,  orS.E.  by  SfE  aim  oft  5 

2,  For  the  Angie  PbK,  the  Hour  from  6,  the  Proportion 
is  thus  9 

0.5  As 


I 
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As  S.Hypot  Pb  -  Radius  : :  S.  Leg  Kb ..  S  Angle  bPK. 

As  S.$8d.  28m. ..  S.pod. : :  S.  5,3d.-  S.tfid.otfm.  or  4h.  4m 
That  is  3 

As  the  Sine  Complement  of  the  Latitude  is  to  the  Ra¬ 
dius  3 

So  is  the  Sine  of  the  Sun’s  Altitude  (when  in  the  Equinox) 
to  theSw  of  the  Hourfrom  6 :  tfid.  06m.  equal  to  4I1.  4m. 
which  makes  4m.  after  10  in  the  Morning  3  but  had  it  been 
in  the  Afternoon,  then  it’s  56m.  after  1. 

In  the  fame?  Triangle,  5  Problems  more  may  be  refblved, 
which  I  leave  the  Learner  to  invent; 

Problem  6.  The  Latitude  of  a  Place ,  the  Sun  s  Place  in  the  Eclip* 
and  his  obferved  Diftance  from  the  Vertex  given  3  to  fad 


tic , 


-)  I 


lis  Azimuth,  and  Hour  of  the  Day.  Example 
r  Latitude 51.32N.  j  r  Suns  Atimuth  ) 

Sun  s  Place  II  00.00  V  given:  The  < 

1  His  Altitude^. 00  kM.  )  <  Hour  of  the  Day 

To  delineate  this,  Plate  8.  Figures. 

1.  Draw  a  Parallel  Circle>  54d.  Diftance  from  0s(the  place 
of  the  Sun )  and  where  it  cuts  the  Path  (of  the  Vertex)  is  the 
place  of  the  Vertex  when  it’s  Diftance  from  the  Sun  is  54d.Gr 
when  the  Sun  s  Altitude  is  36d,  as  here  it  doth  at  7  and  5. 

2.  Thro’  7,  and  F;  and  thro’  7,  and  ©  3  draw  Great- 
Circles,  which  will  form  the  Triangle  ®  P73  the  like  may 
be  done  thro*  5,  which  will  form  another  Triangle  equal 
in  all  its  parts  to  this?  fo  that  one  is  fufficient3  wherefore 
obferve, 

In  the  Oblique  Triangle  ®?7,  Plate  8.  Figure  1. 
r.  The  Side  P  ©,  the  Diflance  of  the  Sun  from  the  Pole, 
found  by  Problem  1*  to  be  6yd*  48m  the  Complement  of  the 
Reflection  aod  u m. 

2  The  Side  P7,  the  Diftance' of  the  Pole  from  the  Vertex , 
or  the  Complement  of  the  Latitude,  in  this  Example  38d.  28m. 

3.  The  Side  0  7,  the  Suns  Diftance  from  the  V ertcx,  or  the 
Complement  of  his  Altitude  in  the  Forenoon  54d.  ocm. 

‘  4,  The  Angle  P7®,  the  Suns  Azimuth  from  the  North, 

5  The  Angle  D  C.1P7,  the  Hour  of  the  Day  from  Noon. 
The  Angles  P70  and  may  he  found  by  Chapter  5. 
Seflion  5,  Problem  11.  Cafe  n.  of  Oblique  Spherical  Trigonometry , 
in  page  147,  and  148.  for  here  are  3  Sides  given  3  to  find  an 

Angle  3  and  when  wrought  you’ll  find  the  Angle  P7O  103d. 

1 2  OH 
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12m.  the  Azimuth,  from  the  North,  or  76'd,  48m.  from  the 
South  Eafterly,  which  makes  E.  by  S.  aimed. 

And  the  Angle  0  P  7  is  5  yd.  04m.  or  ;h.  48m*  the  Hour 
from  Noon,  which  makes  12m.  after  8  in  the  Morning, 

But  had  it  been  in  the  Afternoon,  then  the  Hour  would 
be  48m*  after  3,  and  the  Azimuth  7<Jd.  48m.  South  Wefter- 
ly  or  W.  by  S.  almoft. 

In  this  Triangle  may  Prob.  1,  2,  3,  4,  5,  6t  7,  8,  %  and 
1  o  of  Se&ion  3.  of  this  Chapter  be  iolved. 

Problem  7.  The  L  ongitude  and  Latitude  of  a  Star  given  %  to  find 
its  Right  Afcenfion  and  Declination. 

Example.  Let  the  propofed  Star  be  Capella,  and  juppofing  it's 
Longitude  n  i8d.  02m*  ,  .  .  >  J  Right  ySfcenfion  ? 

Latitude  ****** 2 2d.  5 2m.  North  tat  is  1  $  ^  Declination  ? 

To  delineate  this  Problem.  Plate  8,  Figure  1. 

1.  Lay  off  the  Star’s  Longitude  y8d.  02m.  (from  the 
Chords)  on  the  Primitive  Circle,  fromy  to  y,  and  draw  the 
Circle  of  Longitude  K  y. 

2.  From  the  Half  Tangents  lay  6 7d-  oSm-  (the  Comple¬ 
ment  of  the  Star’s  Latitude,  or  its  Diftance  from  the  neareft 
Pole  of  theEcliptick)  on  theCircle  of  Longitude  from  K  to  ^  * 

3.  Thro’P,  and  draw  a  Meridian,  that  is  a  Great 
Circle,  and  its  done. 

Then  in  the  Oblique  Triangle  KP^f,  Plate  8.  Figure 
Obferve  3 

i-  The  Side  PK,  the  Diftance  of  the  two  Poles,  or  Line? 
of  Diredion  of  the  Earth’s  Axis  always  5  23d.  30m. 

2.  The  Side  K4:,  the  Star's  Difiance  from  the  Pole  of  the 
Ecliptic ,  or  its  Complement  of  Latitude,  equal  to  Cyd.  o8n\, 

3.  The  Angle  PK#,  the  Star’s  Longitude  from  the  teP 
flitial  Colure ,  in  this  Problem  is  lid.  58m. 

4.  The  Angle  KP#-,  the  Star’s  Right  Afcenfion  from  thQ 
fame  Colure. 

5.  The  Side  P#,  the  Star’s  Diftance  from  the  Pole  of  the 
Globe  $  or  Complement  of  his  Declination, 

So  that  here  are  two  Sides,  and  an  Angle  between  them 
given  ;  to  find  an  Angle*,  and  the  third  Side  $.  which  is  p  ■ » 
formed  by  Chapter  5.  Seefion  5.  Problem  9.  Cafe  7.  and  8  oj  0-«. 
blique  Spherical  Triangles  5  in  page  144  and  1 45.  and  being  the 
fame  as  Problem  si •  0/  SeFh.on  3*  of  this  Chapter h  in  page  & 3 4, 
J  leave  it  to  the  Learner’s  Working. 
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problem  8,  The  Latitude  of  a  place,  the  Sun**  place  m  the  Eclip¬ 
tic  y  and  the  time  of  the  Day  given  $  to  find  what  point  of  the 
Ecliptic  Culminates  in  the  Meridian  $  the  Higheft  Point  m  the 
Ecliptic  (i called  the  Nonagefima  Degree  or  90 th  Degree,  of 
the  Ecliptic)  the  Diftance  of  each  of  thefe  from  the  Vertex, 
and  the  Paralla£Uc  Angle,  or  jungle  which  the  Vertical  Circle 


makjes  with  the  Ecliptic. 

It’s  ufual  to  find  thefe  things  in  the  Calculation  of  Eclipfes9 
and  the  Moons  palling  over  Fixed  Stars ;  which  in  the  Ptolemaic 
Projection >  are  with  much  Difficulty  fhewn,  bat  in  this  moft 
readily  and  eaiily  reurefeuted. 

Example. 

Latitude  5 1.  3  2  N f  CVdfnt  Culminating  V: 

Sun  s  (lace  Q  0.0 o  > given  >  the^Nonig/ffima  Degree  > 

Hour - - ph.AMJ  '  l  Vertical  Diftance  of  each  jj 

Required.  To  delineate  this*  P late  8.  Figure  1. 

1.  The  Sun’s  place,  proper  Meridian,  and  Path  of  theF^r- 
tex,  being  drawn  as  before,  draw  an  Hour  Circle^  or  Meridian 
thro’  P,  45d,  fthe  Diftance  of  the  given  Hour  9)  from  the 
proper  Meridian,  as  P9,  to  cut  the  Path  of  the  Vertex  in  9, 
and  the  Earth’s  Ecliptick  in  C,  and  inF. 

2.  ThrsP  0  9,  andD,  draw  a  Vertical  Circle  3  and  thro? 
K,  and  9,  draw  a  Circle  of  Longitude,  to  cut  the  Primitive 
Circle  in  Mi,  and  it’s  done.  For, 

1.  C  is  the  point  ofthe  Ecliptick  Culminating,  or  in  the 
Meridian  of  the  Place,  at  the  given  time, 

2.  N  is  the  Nonageftma  Degree ,  or  the  higheft  point  of  the 
Ecliptick,  at  the  fame  time. 

9.  C9,  and  N 9,  are  their  refpeffive  Diftances,  from  Lon¬ 
don's  Vertex  at  that  time. 


4  Thei\ngieN09,is  theParalla&ic  Angle,  or  Anglewhich 
the  VerticalCircle>  makes  with  the  Ecliptic  at  the  fame  time. 
Then  the  Redfangie  Triangle  PsC. 

1,  The  Angle  CP  2d,  is  the  Complement  of  the  Right  AC 
ceniion  of  the  Mid-heaven,  or  point  of  the  Ecliptic  in  the  Me¬ 
ridian  of  the  place  at  the  propofedTime,  being  theTime  from 
Noon  (  when  Afternoon  added  to  the  Sun’s  Right  Afcenfion, 
found  by  Problem  j„  But  when  the  propofed  Time  is  in  the 
Forenoon  fubtradled)  in  this  Cafe  is  7yd.  nm,  the  Com¬ 
plement  of  1 2 d.  49m.  found  by  fubtradling  (the  Time)45d. 
from  5  7  d.  40m-  the  Sun’s  Right  Afcenfion. 

2.  The  Leg  P2p,  is  the  Complement  of  the  Diftance  of 
fhePoles  of  the  piobe,  and  Ecliptic,  equal  to  <5dd*  30m. 

'  •  1  '  :  '  ;  3.  The 
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3.  The  Leg  CS,  is  rhe  Complement  of  T  C,  theLongi. 
tude  of  the  Mid  heaven,  or  the  Point  of  the  Ecliptic  Culmi* 
nating  in  the  Meridian,  at  the  propofed  Time. 

4.  The  Hypotenufe  CP,  theDiftanceoftheMi/-ta4'U£«  from 
the  next  or  neareft  Pole  of  the  Globe,  at  the  (aid  Time. 

1.  For  the  Leg  Cs,  the  Point  Culminating,  the 
Proportion  by  Chapter  5.  Seffion  4.  Problem  2.  Cafe  7.  in  pave 
137  and  138  is  thus; 

As  Radius  S.  Leg  P$  ::T.  Angle  CP®  -T.Leg.  C®. 
AsS.  9cd.  **  S.  5^d.3cm,  T.77d.  11m.  **  T  7 tfd.  02m.  whofe 
Complemente  13d.  58m.  is  T C  ;  therefore  the  Mid-heaven 
is  Y  13d.  58m. 

a.  For  the  Hypotenufe  CP.  the  Proportion  is  thus  ; 
Radius  ••  Sc  AngleCF3o::T.c.LegP®  ••  T  c.  Hypotenufe  CP. 
§,9od.  *•  S.  i2d,  48m*::  T.  23d.  30m,.*  T.  05b.  30m.  whofe 
Complement  84d.  30m.  is  PC,  from  which  takeaway  P9 
the  Diftance  of  the  Pole  from  the  Vertex  3 8d.  28m.  the 
Remainder  is  9C>  the  Diftance  of  the  Mid-heaven  from  the 
Vertex  4<5d.  02m.  Then  in  the  Oblique  TrianglePpK. 

1.  The  Side  PK,  the  Diftance  of  the  two  Poles  23d,  3omf 

2.  The  Side  P9,  the  Complement  of  the  Latitude  of  the 
Place,  38.  28m. 

3.  The  Angle  KP9,  the  Difference  of  the  Right  Afcenfion 
of  the  Mid-heaven ;  and  firft  Point  of  yf  ;  in  this  Cafe  I02<1. 
48m.  found  by  fubt raffing  270  Degrees,  out  of  (12ft.  48m. 
added  to  360  Degrees  being)  3720. 48m. 

4  The  Angle  PK9,the  Longitude  of  the  Nonagefma  from 
the  firft  Point  of  SB . 

5.  The  SideK.9>  the  Complement  of  the  Nonagefima's  Dl- 
ftanee  from  the  Vertex. 

Firft ,  For  the  Angle  PK9,  the  Proportion  by  Chapter  5.  Se* 
Bion  5,  Problem  9.  Cafe  7.  in  page  144,  and  145.  is  thus, 

1.  As  the  Sine  of  ~  the  Sum  of  the  Sides  P9,and  PK,  is 
to  the  Sine  of  \  their  Difference  ; 

So  is  the  Tangent  Complement  of  §  theAngle  KP9,  to  the 
Tangent  of  half  the  Difference  of  the  Angles  PK9,  and  P9K 
Then,  .  \ 

2.  A  s  the  Sine  Complement  of  §  the  Sum  of  the  Sides  P9, 
and  PK,  is  to  the  Sine  Complement  of  half  their  Difference; 

So  is  the  Tangent  Complement  of  half  the  Angle  KP9,  to 
the  Tangent  of  half  the  Sum  of  the  Angles  PK9,  and  P9IC 
■  '  5  -  ""**  That 
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That  is, 

d.m.  dm,  dm*  d.tn. 

1.  As  theS.  30.59  ..  S.  07.29  : :  T.  38.3^  ..  T*  11.25.  And 

2,  As  the  S.  59.01  ..  S  82.31  :  :  T.  38.36  ..T*  42.43-  Which 

being  added,  is  the  Angle  PK9 - * — - -  53.08  ors&N. 

fubtraft  from  yrmmim:.'  -»,» .W,  n  — 1  1  IW.^I  ■■  ■  (JO.  OQ 

Remainder  is  the  Longitude  of  the  Nomge/tma  3  5.52  from T 
That  is,  thePlaceof  the  Nona^eftma  is  5d.  52m.  in  U- 
Secondly,  For  the  Side  K9,  the  Proportion  is  thus; 

As  S.  Angle  PK9  ..  S.Side  P9  : :  S- Angle  KP9  ..  S.  Side  K9, 
As  S.  54d>o8m.  ..  S.  38d.28m. : :  S.i02d.48m. ..  S.48d-  28m. 
the  Diftance  of  the  Vertex  from  the  Pole  of  the  Ecliptic, 
equal  to  which  is  the  Altitude  of  the  Nonagejima ,  whofeCom^ 
plement  4id>  32m.  is  Npj  its  Diftance  from  the  Vertex. 
Again,  in  the  Re6f angle  Triangle  ©N9. 

1.  The  Leg  0  N,  the  Sun’s  Diftance  from  the  Nonagefi- 
tna ,  in  this  Cafe  24d.  08m.  found  by  fubtrafting  YN35d. 
52m.  from  Y’@  ^od,  com 

2-  The  Leg  N9,  the  Diftance  of  the  Konagefma  from  the 
Vertex;  found  as  before  is  4id.  33m. 

3.  ThcH^potenufe  @9,  theSun’sDiftance  from  the  Vertex . 

4.  The  Angle  N®9,  made  between  the  Vertical-Circle 
and  the  Ecliptic,  is  the  ParallaRic  Angle:  to  find  which, 
the  Proportion  (by  Chapter  5.  SeRton  4,  Problem  y  Caje  iy  in 
page  1 3  9 ji  and  1 40)  is  thus, 

As  Radius..  S.  Leg  ©N  T.c.LegN9  ..  Tc.  Angle  N©9» 
As  S.9cd.  -  S.  24d-  08m. T.48d,28m. ..  T.24d  47m.  whofe 
Complement  65c!.  13m.  is  the  ParalLRic  AngleN® 9  at 
the  Sun. 

And  for  ©9,  the  Sun’s  Diftance  from  the  Vertex)  is  thus 
found. 

As  Radius  ..  Sc.  Leg  ©  N  : :  S.cX  eg  N9  ..  S.c.  Hypot.  ©9. 
As  3*  9od. ..  S-  6sd  52m  :  :  8.481!. 47m  ..  S.  43d.  05m.  whole 
Complement  4<5d.  55m.  is  the  Sun’s  Diftance  from  the 
Vertex,  at  the  propofed  Time. 

But  to  Calculate  the  ParallaR: c  Angle ,  at  the  Moon,  or  at 
a  Star .  that  has  Latitude  from  the  Ecliptic,  it  will  require 
a  little  more  Labour,  as  in  the  next  Problem. 

Problem  9.  The  Latitude  of  a  Place ,  Suns  Place  in  the  Eclip¬ 
tic,  Time  of  the  Day  or  Night,  and  the  Longitude ,  and  Latir 
lyde  of  the  Moon,  or  of  a  Star,  being  given  5  tv  find  the  ParaJ- 

Ufldq 


r  paralUB.  dng*  ■> 
e)  and  i  re  fur. 

^Vertical  Dili.  J 
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la£tic  Angle  at  the  Moon,  or  at  the  Star  $  and  its  Diftance 
from  the  Vertex.  Example 

Latitude  51.32  N  *\ 

Sun  s Place— Do-oo/ 

Hour **  ph»  A.  IVI.  given »  T bet 
StarCapella  Long’  1  8*02 II  V 
hi  Latitude  22.52  N  J 

To  delineate  this,  Plate  8,  Figure  I. 

1.  Lay  off  the  Suns  Longitude,  and  draw  the  proper  Me¬ 
ridian  Path  of  the  Vertex,  the  Hour  Circle  according 
to  the  propofed  Time,  the  Vertical  Circle,  and  Circle  of 
Longitude,  in  all  refpe&s  as  before  in  Problem  8. 

2.  Lay  off  the  Star’s  Longitude  and  Latitude,  as  before 

in  Problem  "j.  and  then  is  N  the  Place  of  the  Nonagejtmay  9 
the  Vertex,  and  '%•  *he  Star’s  Place.  ,  , 

3.  Through  and  9,  draw  a  Great  Circle,  and  it  s  done. 
For  ^9,  is  the  Star’s  Diftance  from  the  Vertex  $  and  the 

Angle  ICfcp,  the  Complement  of  the  Paralladlic  Angle  re¬ 
quired  :  In  order  to  the  finding  them  by  Calculation,  do  thus 3 
Firft,  Find  the  Place  of  the  Nonagefima  by  Problem  8, 
which  in  this  Cafe  is  5d*  52m.  or  T  N*  2  5d.  52m. 
Secondly ,  The  Nonage fima> s  Diftance  from  the  Vertex,  in  this 

Cafe  Np»  is  4id.  32m. 

Then  in  the  Oblique  Triangle  obferve, 

1.  The  Side  K  *,  the  Star’s  Diftance  from  the  next  Pole 
of  the  Ecliptic  or  the  Complement  of  its  Latitude  5 
6jd.  08m. 

2.  The  Side  K  9,  the  Diftance  of  the  Vertex  from  the 
faid  Pole ,  which  is  equal  to  the  Altitude  of  the  Nonagefima, 

48d.  28m  found  by  Problem  8. 

3.  The  Angle  *Kp,  the  Difference  of  the  Longitude 

of  the  given  Star,  and  the  Nonagefima  5  and  in  this  Example 
is  42ft.  10m.  and  is  the  Difference  of  y  N  3  5<h  52m*  anc* 

T  y  78d.  02m,  .  T>  11  cv 

4.  The  Angle  K*9,  the  Complement  of  the  Parallactic 

Angle,  at  the  given  Star. 

t  And  the  Side  *9,  the  Star’s  Diftance  from  the  Vertex. 
Firft,  To  find  theAngle  li%9>  the  Proportion  by  (Up*  5- 
SeBion  5.  Problem  9.  Cafe  7.  in  page  144  and  145.  is  thus,  _ 
1.  As  the  S.  of  half  the  Sum  of  the  Sides  K$r,  and  K9  5  is 
to  the  Sine  of  |  their  Difference  :  So  is  the  TangentComple- 

mttit 
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ment  of  f  the  Angle  ■?  Kp  5  to  the  Tangent  off  the  Differ¬ 
ence  of  the  A  ngles  K  9  ^;  and  K^?p.  Then, 

2.  As  the  SineCcmplement  of  \  the  Sum  of  the  Sides  K  & , 
and  Kp  ;  is  to  the  Sine  Complement  of  §  their  Difference  : 

,  So  is  the  Tangent  Complement  off  the  Angles  ^Kp$  to 
the  Tangent  of  f  the  Sum  of  the  Angles  Kp'fc,  and  K^fp. 

That  is  5 

d-  m  d.  m.  d.  m*  d.  m, 

1.  As  the  S  57.48  ..  S' 9  20  :  :T*<8.5  5  And, 

2,  As  the  S  32.12  s  80.40:  :T.tf8. 5  5  . .  T.78  14.  They  being 
Subtracted  gives  the  Angle  K  #  p  — •  -  5 1.48  whole  Com¬ 
plement  9 Set.  21m.  is  the  Paralla&ic  Angle  at  Capella . 

Secondly ,  To  find  %  p,theVerticalDiflance,thePro/?or.is  thus, 
AsS. Angle  K^p  ..  S.  Side  Kp  ::S. Angle  %Kp  ..  S.  Side  #9. 
As  8  5  id  48m. ..  S.  48c?.  28m  :  :S.  4ad.  1  om. ..  S. $pd.  45m  « 

The  Diftanceof  the  Star  Capclla  from  the  Vertex  at  the 
Time  propofed. 

I  might  proceed  to  other  Pu>blemsy  and  fhew  bow  they  are 
formed  ana  reprefented  in  this  Projection,  but  I  leave  that  for 
the  Learner's  Exercife 

1  pafs  by  what  (at  firft)  I  intended,  which  was  the  Ortho¬ 
graphical  Projection  of  the  Globe  5  whereby  the  Moons  dp- 
put  fes  tothe&w,  or3W*,and  all  the  appearances  of  anEclipfe, 
Occultation  or  Tranfit,  are  reprefented  to  the  Eye:  ufeful  to 
And  the  Longitude  of  Places,  on  the  Globe  of  the  Earth  y  a 
thing  much  talk’d  of.  greatly  defired,  and  by  fome  pretend¬ 
ed  to  be  found,  tho*  not  made  known,  and  I  believe  will  ne¬ 
ver  be  made  practicable  at  Sea.  However,  by  this  Hypothe¬ 
cs,  with  accurate  Tables  of  the  tvloon  and  Stars  Places  5  and 
a  way  of  taking  an  Altitude  or  an  Angle  at  Sea  unto  two  or  three 
Minutes  5  it  might  be  made  ufeful  to  obfervefor  Longitude, 
and  therefore  it*s  highly  worthy  of  our  Seaman  $  Study,  but 
without  fiich  Altitudes  y  it  will  not  find  the  Longitude  unto  two 
or  three  Degrees  r  and  for  Encouragement  hereunto  the.Co- 
vernment  hath  by  an  AH  of  Parliament  promifed  T houjands  of 
Pounds  •  and  for  the  Learner  s  help  herein,  1  am  ready  to  com¬ 
municate  ail  the  Affiftance  I  can  eifewhere  $  tor  here’s  now  no 
Place  foritjle(ftheBook(fwelling  too  bigjfhould  be  deform’d. 

And  note  ;  Thefe  two  Figures  in  Plate  the  8tfc,  are  a  Re- 
prefentation  of  the  two  Hemifpheres  before  deferibed  in  Chap¬ 
ter  6.  SeBton  4.  in  page  180  and  181.  So  that  in  thofe  larger; 
all  thefe  Problems  might  be  mote  exactly  formed,  and  their 

•  '  ‘  Re- 
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Requifites  more  truly  meafured  3  and  if  the  particuIarCircks 
belonging  to  any  Problem ,  fuch  as  the  proper  Meridian,  other 
Meridians,  or  Hour  Circles ,  Path  of  the  Vertex,  Circles  of  Lon¬ 
gitude,  and  Vertical  Circles,  to  a  particular  time ,  &c.  were 
drawn  with  Black-Lead,  they  might  be  wiped  out  at  pkafiire, 
and  the  Hemtfpheres  no  way  damnified. 

And  when  any  Circle  happens  fo  large  as  not  eafily  to  he 
drawn,  or  ft  ruck  with  Compaftes,  it  may  be  done  with  a  Bow 
of  the  length  of  the  Diameter  of  the  Hmi/pheres  •  fuch  being 
well  made  with  3  Screws,  by  their  turning,  will  rife  up  to 
feveral  Circles,  that  may  (in  the  Projection)  be  required  to 
be  drawn. 

CHAP*  X.  Of  the  Variation  of  the  Comp  aft,  what  it  is 3 

how  to  find  ity  and  how  to  reclify  the  Compafs  thereby* 
*T\Efniti°n  i,V ariation  of  the  Compafs ,  is  an  Arch  of  the  Mori— 
ton  contained  between  the  Meridian  of  the  Place,  and 
the  Magnetical  Meridian  5  its  either  Eaft,  or  Weft,  and 
never  exceeds  9c  Degrees. 

2.  Eafi  V ariation ,  is  when  the  North  part  of  the  Magneti- 
cal  Meridian  lieth  Eaftward  of  the  North  part  of  the  Meri¬ 
dian  of  the  Place  5  but  if  to'the  Weftward,  then  it  is  called 
iVejWariat  ion . 

3.  Magnetical  Meridian ,  is  a  great  Circle  palling  thro’ or  by 
the  Magnetical  Poles  5  to  which  Meridian  the  Compafs ( if  not 
otherwife  hindered)  hath  refpe£E 

4.  Magnetical  Poles ,  are  two  moving  oppofite  Points,  ma¬ 
king  their  Revolution  about  the  Poles  of  the  World  (as  Mr. 
Bond  faith  in  his  Longitude  found,  page  7.)  in  <5oo  Years  in  a 
Circle  Bd.  30m,  diftant  therefrom  5  and  their  Motion  (as  he 
faith)  is  the  Caufe  of  the  Variation  of  the  Compafs* 

5.  The  Variation  of  the  Compafs  is  found  by  an  . Amplitude ,  or 
an  Azimuth. 

6.  To  find  the  Variation  by  an  Amplitude,  you  muft  know 
the  Latitude  of  the  Place,  the  Declination,  and  Magnetical 
Amplitude  of  the  Sun. 

7  Magnetical  Amplitude,  is  an  A  rch  of  the  Horizon,  contained 
between  the  Sun  (at  his  Rifing,  or  Setting)  and  the  Eaft  or 
Weft  points  of  the  Compajs fleered  by  :  Or,  it’s  the  apparent 
Rifing  or  Setting  of  the  Sun  from  the  Eaft  or  Weft-points 
of  the  faid  Compafs,  and  is  found  by  observing  the  Sun,  ei¬ 
ther  at  his  Rifing,  or  Setting  by  an  Amplitude  Compafs. 

8.  Amplitude 
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8,  Amplitude,  is  an  Arch  of  the  Horizon^  contained  between 
the  Sun  and  the  Baft,  or  Weft  Points  of  the  Horizon';  and  is 
found  by  Chapter  9*  Seftion  2.  Problem  4.  in  (age  216  and  at 7 
which  I  call  the  True  Amplitude. 

p.  If  the  two  forefaid  Amplitudes  agree;  that  is,  the  Magne- 
tical  and  True  Amplitude  (which  is  feldom)  there  is  no  Yana- 
ttonj  but  if  they  Differ,  their  Difference  rightly  counted  is 
the  Variation- 

Note  here •  If  you  always  count  both  Amplitudes  from  the 
North  $  then  this  is  a  General  Rule, 

At  Sun  R,fnZ  {  J2feucat  greateft.the  t 

_7  .  .  .  jEaft\  *2  c  p  ,  J  Weft 

Variation  is-^  j*  But  at  Sun  Siting  it  s  ^ 

Example  !•  At  Sun  Rifing  fuppofe  the  True  Amplitude  be  Eaft 
29  Degrees  Northerly,  and  the  Magnetic  al  Amplitude  Eaft  17 
Degrees  Northerly;  then  counting  both  thefe  fromtheN ortht 
the  True  Amplitude  will  be  North  57  Degrees  Eafterly,  and 
the  Magnetic al  North  75  Degrees  Eafterly;  the  Magnetical 
is  the  greatefl,  and  the  Difference  is  16  Degrees,  which  is  the 
Variation  Wefterly:  If  this  had  been  a  t  Sun -Jetting,  the  V *• 
nation  would  then  be  Eafterly* 

Example  i>  At  Sun-fetting  let  the  True  Amplitudebt  Weft 
16  Degrees  Northerly,  and  the  Magnet  1  cal  Amplitude  Weft 
9  Degrees  Southerly;  both  counted  from  the  North,  theTr#* 
Amplitude  is  North  74  Degrees  Wefterly*  and  the  Magnetical 
is  99  Degrees  from  the  North,  and  is 'the  greatefl  5  their  Dif¬ 
ference  is  2  5  Degrees,  which  is  the  Variation  Eaflerly. 

Or  thus,  in  thefe  two  Rules : 

i.  The  Amplitudes  both  North,  or  both  South;  their  Diffe¬ 
rence  is  the  Variation :  But  one  North,  the  other  South,  their 
Sum  is  the  Variation. 

2.  Both  the  Amplitudes  (before  your  Face,}  from  you,  if  the 
True  Amplitude  be  to  the  Right-hand  of  the  Magnetic  a  f  the 
Variation  is  Eaft;  but  when  it’s  to  the  Left-hand,  then  the 
Variation  is  Weft. 


Thefe  Rules  will  be  exampliHed  in  the  Problem  and  Exam¬ 
ples  following* 

Problem  1.  The  Latitude  0/  the  Place ,  the  Declination,  and 
Magnetical  Amplitude  of  the  Sun  given  ;  to  find  the  Varia¬ 
tion  of  the  Compafs, 

The 
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Example. 

-  5*<1,  7 

TbJ*  Sun’s  Declination  *•—  20  io  ^North given  5 
{  Magnetical  Amplitude  1 7  10A.M.  jT^  T^ariat,  Req, 

To  delineate  the  Problem  Orthographical,  Plate  9 ,  Figure  1. 

i.  Defcribe  a  Circle  and  Quarter  it  5  on  whole  Diameters 
place  W.  N.  E  and  S*  ("but  always j  N  at  the  Right  Hand, 
and  A  at  the  Center  of  the  Circle.  •' 

2.  Lay  the  Lat  if }trom{^}-upward  «to  <(  f  J 

and  the  fame  way  laid  from  \V.  to  M,  and  draw  the  Axis 
PAI,  and  the  Equinoctial  M  AQ^ 

3.  By  laying  the  Chord  of  the  Declination  on  the  Primi¬ 
tive  Circle,  trom  the  Equino&ial,  draw  the  Parallel  of  Decli¬ 
nation  parallel  to  it  3  as  the  ftrait  Line  dCe,  to  cut  the  Ho¬ 
rizon  SAN,  in  C,  the  place  of  the  Sun’s  Riling,  or  Setting, 

4.  Meafure  A  C  on  the  Line  of  Sines,  fheweth  the 
Sun’s  True  Amplitude  North,  if  the  Declination  be  North ; 
but  South  when  the  Declination  is  South, 

5.  Draw  theLineCF, parallel  to  WAE(down  ward  whenit’s 
A.M*  but  upward  if  it  be  P.M.)  to  cut  th ePrimitive  Circle  inP. 

6.  Lay  the  Magnetical  Ampl.  if  ^  p  ^  j^from^  to 

G,  on  the  Primitive  Circle,  towards  N  if  it  be  North  3  but 
towards  S,  when  it  is  South. 

7.  The  Diftance  from  G  to  N,  laid  (the  lame  way  J  from 
p  to  Falje  North,  which  is  now  the  North  Point  of  the 
Compafs,  and  it’s  done. 

For  the  Diftance  from  N  to  Falfe  North ,  meafured  on  the 
Scale  of  Chords,  is  the  Variation  Required. 

To  find  the  True  Amplitude,  the  Proportion  by  Chapter 
9.  Seflion  1.  problem  4.  in  page  217.  is  thus  3 
As  S  c.  Latitude  ..  Radius  : :  S.  q’j  Decimat  e-  S-  0  AmplitF 
AsS.  3&d.  2 8m.  ••  S.  9od. : :  S.  zod.  tom.  N.  ••  S.334DNortfe 
v  d.  m.  d*  m. 

True  Amplitude  EF  33  ^O'E.N-orNFs^.zo  North  Eafterly 
‘Magnetical  — — »EGi 7.10E.N*  orNG72. so  North  Eafterly 
SubttaCf  gives  the  Variation  to  be  16. 30  Weft. 

Example  2.  d  m. 

\L/Tie  7 - l  North  l  .  „  . 

1  er  >.  v  > grjen  3  raytat‘Req, 

An 


The  3  Sans  Declination  ic.  j  9 

Magnet t  Amplitude  £5.10  Souths 


2$  6  Variation  of  the  Compafs  ly  an  Azimuth  Chap.  j£# 

Anjv)%  Tne  true  Amplitude  is  13d.  42m  Eaft  Northerly, 
found  by  rhe  forefaid  Proportion,  by  which  the  Variation  is 
thus  found. 

d,  m.  d.  ra 

True  Amplitude  £F  13  42  EN,  or  NF  76.  18  N.  Eafterly 
%4agwthal  -  EG  1  5,10  E  S.  or  NG  105.  to  N«  Eafteriy 
Subtract  gives  the  Variation  to  be  28.  52  Weft 
The  following  Examples  are  for  the  Learner’s  Exercife^ 
and  are  wrought  by  the  forefaid  Dired  ions  and  Rules. 
Example  3.  d*  m- 

f  Latitude  13  10  North  It 


The<  Sun  s  Decimation  1  >  40  South  i  given  3  Variat.  Requir'd* 
Magnet,  Amplitude  9  1 2  S  P.M*  i 
Anfvi.  According  to  the  forefaid  Rules,  it’s  as  follows  : 
d*  m.  '  d.  mj 

'TrueAmplit  WF  16 .  06  W*  S.  or  NF  106'  06  N.  Wefterly 
fAagnetical  G  9*  12  W.  S.  or  NG  99  12  N.  Wefterly 

Subtract  gives  the  Variation-- ■  «■*-  6  54  Weft* 

Example  4.  d.  m. 

r  Latitude  50  40—  —  V 

Tbe‘\  Sun's  Declination  19  50——*  South  given  3  Variat .  Req 


l  Magnet.  Amplitude  515  P.M. 
jfnfw,  The  Variation  is  2  5d.  47m*  Weft. 

Example  5*  <1*  m* 

Latitude  2 1  1>  North  7  ;  Varia- 

The^Sm  s  Declination  17  56—*}  V*.  0  .  , 

Magnet,  Ampht,—  io  19  South  P*M.  f  quire 


Anfw  The  Variation  is  29d-  39m.  Eaft. 

Example  6>  d.  m. 

Chatitude^m 2  5  30  South*  V 

The^  Sun's  Declination —  18  12  North*  >  given  3  Variat,  Req. 
C  Magnet.  Amplitude  9  50  S  A.M  3 
Anfw.  Th e  Variation  is3od.  06m.  Weft* 

Secondly ,  To  find  the  Variation  of  the  Compafs  by  an  ^zi- 
triHth>  obferve  thefe  following  Definitions. 

»  Magneitcal  Azimuth ,  is  an  Arch  of  the  Horizon  contained 
betweeh  the  Sun's  Azimuth  Circle ,  and  the  Magnetic al Meridian, 
Or  it’s  the  apparent  Diftance  of  the  Sun  from  the  North,  or 
South  Point  of  the  Compifs ;  and  it’s  found  by  obfervingthe 
Sun  by  the  Azimuth  Compafs ,  either  in  the  Forenoon  or  Af¬ 
ternoon,  when  he  is  about  5  or  10  Degrees  high. 

2.  Azimuth ,  is  an  Arch  of  the  Horizon  contained  between 

'  ■  *  '  .  ihs 


l 


the  Azimuth  Circle  palling  over  the  Sun,  and  the  Meridian  of 
the  Place,  which  I  call  the  true  Azimuth,  and  is  found  by  Chapter 

Section  3 .  Problem  i .  of  Ajlronomy,  in  pages  zip  and  230. 

3.  It  the  laid  Azimuths  agree  3  that  is,  if  the  True  Azimuth^ 
and  Magnetic al  Azimuth  agree,  there  is  no  Variation  3  but  if 
they  differ,  their  Difference  is  their  Variation  5  which,  rightly 
to  account,  obferve  this  General  Rule, 

Reckon  always  both  Azimuths  (like  as  I  faid  for  Amplitude 
in  Page  253.3  from  the  North. 

In  the  Forenoon  the*^  lyjaanetical  3  Azimuth  greateft*  the 

Variation  is  But  *n  Afternoon  ^Y^ 

Example  1.  In  the  Forenoon,  fuppofe  the  true  Azimuth  from 
the  North  to  be  80  Deg.  and  the  Magnetical  Azimuth  at  the 
fame  time  to  be  101  Degrees,  the  Magnetical  is  the  greateftj  and 
their  Difference  21  Degrees  is  the  Variation  of  the  Compafg 
Wefterly  ;  but  Eafterly,  had  it  been  in  the  Afternoon. 

Example  2,  In  the  Afternoon  let  the  true  Azimuth  be  115 
Degrees,  and  the  Magnetical  Azimuth  101  Degrees,  their  Dif¬ 
ference  14  Degrees  is  the  Variation  Wefterly  3  but  Eafterly 
had  it  been  in  the  Forenoon. 


Or  thus,  by  the  Rules  following 


1.  Always  count  both  Azimuths  from  the  North 3  in  North 
Latitude  5  but  from  the  South  in  South  Latitude. 

2.  The  leffer  Azimuth  fubtrad  from  the  greater,  gives  the 
Variation. 

5.  Placing  both  the  Azimuths  (before  your  Face)  from  yoii 
If  the  true  Azimuth  be  to  the  Right  hand  of  the  Magnetical, 
the  Variation  is  Eaft.  But  if  to  the  Left-hand  the  Variation 
is  Weft. 

Thefe  Rules  will  appear  plain  in  the  working  the  Examples 
of  the  next  Problem „ 


2  5  8  Variation  of  the  Company  hy  an  Az,imuth  Chap, 

i-  Defcribe  a  Circle,  Quarter  it^Hy  off the  Latitude,  draw 
the  Equinoctial,  Axis,  and  Parallel  of  Declination;  in  all  re- 
fpeCfs  as  before  direded  (in  Problem  i,  in  Page  2  540  concern¬ 
ing  an  Amplitude. 

2.  By  laying  the  Chord  of  the  SunVAltitudc  on  the  Primi¬ 
tive  Circle  from  the  Horizon  SAN  ;  draw  the  Parallel  of  < lti* 
tude  parallel  to  the  Horizon  SAN;  as  the  Line  a  C  b,  to  cut 
the  Parallel  of  Declination  d  C  e,  in  C  ;  t  he  Piace  o»  the  bun 


at  that  time* 

3  Draw  G  h  parallel  to  WAE,  downward  when  its  A.  M. 
but  upwards  if  it  be  P  M.  till  it  meetan  Arch  (made  with  half 
the  Parallel  of  Altitude)  from  the  Center  (of  the  Primitive 
Circle^  A,  and  cutteth  the  faid  Arch  in  h, 

4  By  A  and  h  draw  a  Line,  to  cut  the  Primitive  Circle  in 
p  ;  alien  NF,  or  SF,  meafured  on  the  Scale  of  Chord:  fheweth 
the  Surfs  true  Azimuth. 

5*  Lay  the  Magnetical  Azimuth  (*^^gouth  ^atitude) 
from  |  g  |  (towards  when  it  is  |  )  to  G  on 

the  Primitive  Cir*  But  if^^jyr  ^towards  jj  g  V  to  th'faidG 

6.  The  Didance  from  G  to  N,  laid  (the  fame  Way )  from  F 
toFalfe  North,  which  is  now  jhe  North  Point  of  the  Com- 

pafs,  and  it’s  done.  , 

For  the  Didance  from  N  to  Falfe  North,  meafured  on  the 
Scale  of  Chords,  is  the  Variation  of  the  Com  pafs  required. 

Then  to  find  the  true  Azimuth,  the  Proportion  by  Chapter 
p.  SeBion  3.  Problem  i.  in  Pages  229  and  230.  is  thus, 

d.m.  d.  m.  d.  m 

p o  00  -/  90  00  9o  00 

Latitude — —  51.32 N*.©  11  30  A*M.®  Dec!.  1 5  to  N. 


Comp l  Latitude  dift.  fr.pole  74  5°  _ 

Comp!  Altitude  78.30 \R<*duis  Sx.Lat.  i‘°Sc.®Al.  3,  q.thSine 
©5  dift.  from  pole  14  50I '  .9c?d.  ••  S.  3^.28  :  ;  S  78.30  *•  S*  37*3  3 
Sum  is  * — ■ — -  1 9  4^1 

m  r  c  •  — -  Then  again, 

-  Hm  tS— _ -JLcJLij 4th  Sine  ••  S.  \  Sum  •  *  S .Rem.  **  a  5th57#c 

The  R!mah±±ji^[S  V  33  ••  Vj>5.$4::S.*t  04--S.5j.j5 
/and  againft  S,  35  55  on  the  Verfed  Sines,  is  the 

0Js  Gue  Azimuth  - - — - — Sod.  02m  North  Eafterly. 

®’s  Magnetical  Azimuth  —  xoid  1  om.  North  Eafterly, 


$ubtra£cgiveth  the  Variation—*  aid*  08m.  Weft. 


And 


Chap.  X  Variation  of  the  Comp  a/s,  ly  an  Azimuth.  259 

And  for  the  Learner  s  PraHice,  take  theie  following  Exam¬ 
ples,  whole  anfwers  are  found  by  the  Rules  forepoing* 
Example  2.  d.  m. 

C  Latitude —  ■■■  10  Worth  ~y 

The  •s  c  .  (  Altitude ^  — - 17  50  A  M*L  given:  VarL 

y  oun  s  Sj  Decimation  « — ~i<5  59  South  C  ation 


i  //  —  VMM.*!  ^  kb  l  i  O 

c  Magnet<  Az:m,  90  toNorth^  required. 
^  m*  dm.  dm® 


Latitude 


90.oo  90.00  90.00 

i*  IoN  f/sAltit  i7.5o  A.M  G’s.Decl  16.79  S. 


Comp.  Latitude  76.50 romp.  Ah.  7  >  iQ  ®'sdifi  fr,  Pole  {^9 
Comp,  ©  ditit ude 7  2 . 1  owadms  •  •  S-.C.  Lat.  ::Sc,0'W/  -  a  4th  Stne 

S.9od%  a*  S.  16, 50  : :  S.  72.10  •  •  S  6 7. 5 8 

Then  again, 

.  — 7 - 4th67»<?  ••  S.  I  Sum  : ;  S.  Rem..”  a  uh  S>m 

TiieRemamde.  i,*  ..p o|S.6 7.48  ••  S.U  7  59: :  S.21.00  “S/17  45 


0  J  dtftjYom  pole  1  c  6. 5  9 
is 


The  f 


5  55.5^ 

127,59 


And  again  it  S.  1 7*4**  °n  the  Verfed  Sines  is  the 

3  •‘r*  .a*!  1  ' 


®’s  True  Azimuth 
0*s  Magnet.  Azimuth 


113d  00m,  North  Eafterly. 


Subtradl  giveth  the  Variation 


Example 
C  Latitude 


9°(h  10m.  North  Eafterly, 
2 2d.  50m.  Eaft. 


D 


\ 


Altitude 


d,  m 
28*40  North  1 

12019  P  M.  (  given:  Variati 


The  A  c  ,  C"— i_  t  y  1  m.  l  given:  vanai 
)  Sun  s  ^  Declination  19. 12  South  ^  on  required. 

I  Magnet. Azim  i29*5oNorth  N 

j  1  •  /~v  • 


An  fiver.  By  the  forefaid  DireSKons,  the 
G  sTrueAzimuth  ~ — — .  .r».  ■■■i  1,2. 7<i  02m  N.  Wefterly. 

0’s  Magnetical  Azimuth- - - - -  iz^d  5ctn.  N- WeftcrJy 

’Subtract  giveth  the  Variation  « — - ■  'adTpSTSaft. 

Example  4.  d.  m, 

€  Latitude  —  — — .  50  4o  South  -y 

.  ^Altitude  — ■—  2 5  ro  P,  M.  /  given  Variati- 
Sun  s<^  Declination  2330  Southron  required 


The 


i/Magn.  Azim.  roo.20  south 
Anfiver*  The  Variation  is  i  7d.  20m  Weft; 
Example  5.  d.  m. 

Latitude 


Th 


r  Altitude 


23  10  South  ^ 


Sun’s  X  Declination 

i Magn.  Azim,  102  40  South 
Anfu'er*  The  Variation  Is  i8d„  32m.  Weft 

R  2 


jo  r  5  A.  M.  ^ given  :  Variatf- 
23  30  North  t  on  required. 


Ex. 


2^0 


Variation  of  the  Compafs  by  the  Retfifier  Chap*  X^ 


Example  6 . 
C  Latitude 


cl  m. 

37*45  South’ 

\  f  Altitude - -18.20  P  M.  (given :  Varia- 

T°e\. Sun’s  1  Declination  20.15  North  f  tion  required. 

C  l  Magnet.  A  zim.  1 1 5,40  South  J 
An/wer,  The  Variation  is  zed.  1 2m,  Eaft. 

But  the  Variation  may  be  found  moft  readily  by  an  lnrtru* 
ment  called  a  ReBifier,  whofe  Defcription  is  as  follows  ; 

The  Re£fifier  defcribed*  Plate  10. 

This  hflnment  confifteth  of  two  Parts,  which  are  two  Circles 
laid  one  upon  another,  and  fo  faftned  together  in  J their  Cei> 
ters,  that  they  repreient  twa  Compares,  one  fixed,  the  other 
moveable:  each  of  them  is  divided  into  the  32  Points  of  the 
Compafs,  and  360  Degrees,  and  numbred  both:  ways,  from 
the  North,  and  from  the  South  5  ending  at  the  Eait,  and 

Weft,  in  90  Degrees.  .  .  , .  ,  , 

The  Fixed  Compajs,  reprefents  the  Horizon,  in  which  the 

Nor  th,  and  all  the  Points  of  the  Compares  are  hxeu,  and  im« 

The  moveable  One,  reprefents  theMariners  Compafs  Steer¬ 
ed  by,  in  which  the  North,  and  all  other  Points  ate  liable  to 

In  the  Center  of  the  moveable  Compafs,  is  faftned  a  Silk 
Thread,  long  enough  to  reach  the  out  fide  of  the  fixed  Com- 
paCs  -  But  when  it’s  made  of  Wood,  there  is  an  Index  inftead 

thereof;  The  Ufe  is  as  follows. 

1.  To  find  the  Variation  hy  the  Rectifier. 

Note*  Thofe  Degrees  numbred  from  the  North,  and  the 
South, ’towards  the  Eaft,  are  termed  the  Right-hand  5  and 
the  others  towards  the  Weft,  are  called  the  Left-hand, 
Example  1.  Sun  rifing  fuppofe  the  true  Amplitude  yjd. from 
the  North,  and  the  Magnetic al  73 d.  What.it  the  Variation  ojts 
Compafs ,  and  'which  way  ? 

Place  73d.  (from  the  North)  on  the  Right-hand  m  the  move- 
able  Compafs,  to  ^.(Irom  theNorth)  on  the  Right-hand  in 
the  Immoveable  Compafs;  then  the  North  Point  of  the  Move, 
able  Compafs,  will  hand  at  l<Sd.  of  the  Left-hand  in  the dm- 
moveable  Compafs,  which  fbeweth  the  Variation  of  the  Com- 

pais  is  1 6  Degrees  Weft,  0 

Example  2.  in  the  /. ifternoov ,  let  the  true  Atimutb  be  So  De* 

nees  from  the  North ?  arid  tbs  Magnetic  a  l  ipi  deg.  What  is  the 

Variation  of  the  Compafs,  and  'which  Way  ?  _  . 

Place  10 id,  from  the  North  :  that  is  ^d.  from  the  South 


Chap.  X.  Variationof  the  Compafs,  hy  the  ReEIifier  16I 
on  the  Left-hand  in  the  Moveable  Compafs,  to  80  deg  from 
the  North,  or  Left-hand  in  the  Immoveable  Compafs ;  then 
the  North  Point  in  the  moveable  Compafs  ftands  ataideo  on 
tne  Right-hand  in  the  Immoveable  Compafs, which  Ihews&the 
Variation  of  the  Compafs  to  be  2td  Decrees  Eaft 
.  Always  counting  Amplitude  at  Sun-rifing,  and  Azimuth  m 
the  Forenoon s  to  the-right-hand,  or  towards  the  Eaft  -  but 
at  Sun  letting,  and  in  the  Afternoon,  count  them  to  the  Left- 
hand  towards  the  weft. 

a.  To  ReHifie  the  Courfe  by  f&fRe&tfier. 

This  Proportion  hath  two  Cafes. 

Cale  i.  TheVariation  of  the  Compafs,  and  the  Coarfe  fleered, 
being  given ;  to  find  the  true  Courfe. 

Example  r.  Supyoje  tne  Variation  bs  21  Degrees  Eaft,  and  the 
Courfe  fleered  by  the  Compafs  is  hi  E.  by  N,  I  demand  the  true 
Courfe ,  the  Variation  being  allowed. 

1.  Place  tne  N»  Point  of  theMoveableCompafs  to  aid* from 
the, North  on  the  Right-hand,  in  the  Immoveable  Compafs. 

2*  Lay  the  Tatcad  or  Index  (wmch  is  taftned  in  tlie  Cen¬ 
ter)  over  the  N-  E.  by  N.  Point  in  the  Moveable  Compafs, 
keeping  it  ftraight  out ;  then  in  the  immoveable  Compafs  the 
1  hread  or  Index,  will  lie  on  5<S  Degrees,  or  near  N  E.  by  E. 
which  is  the  true  Courfe  required. 

Example  2.  The  Variation  14  deg.  Weft ,  and  the  Courfe  by  the 
Compa  fs ,  E  S  E.  I  demand  the  Ships  true  Lour j 3. 

1.  Place  the  North  in  the  Moveable  Compafs,  to  rA  De^ 
Weft,  in  the  Immoveable, 

2.  Stretch  out  the  Thread,  or  Index,  over  E.  S.E.  inthe 
Moveable,  and  it  will  lie  on  82  Degrees  in  the  Immoveable 
Compafs,  or  E  by  S.  |  E.the  true  Courfe  required. 

Cafe  2.  Ita  "Variation  of  the  Compafs  and  the  true  Courfe  given  * 

to  find  the  Courfe  by  the  Compafs. 

Example.  T he  Variation  21  deg.  Eafty  and  the  true  Courfe  I 
ftiould  fleer  Is  N  E.  by  E.  What  Courfe  mttft  I  Reer  by  the  Compafs  > 
to  allow  the  Variation  ?  1  J 

PLcs  the  North 3  in  the  Moveable  Compafs  to  zi  Decrees. 
Eaft  in  the  Immoveable  Compafs* 

2,  Stretch  out  the  Thread  over  N  E*  by  E.  in  the  Immove- 
Compafs,  and  then  in  the  Moveable  Compafs,  it  will  lie 
on  ^5  Degrees,  or  near  N  E  by  N.  the  Courfe  vou  rnu'ft  ftesr 
to  zllow  for  the  Variation  of  the  Compafs. 

ifere  I  thought  to  deferibe  the  Azimuth  Compafs.  and  hc$? 
to  obferve  by  it;  but  confidering  it’s  an  fnft  rumen  t  caflly  ujjr 
derftopdj  that  Difcourfemay  b$  (pared, 

Ri  '  ?  GRAF 


16 1  7o  work  an  Obfervation  Chap.  XI* 

CHAP.  XI  Of  an  Obfervation  *  either  of  Sun ,  or 
Star,  what  it  ify  how ,  or  with  whaty  and  when  5tis 
taken ,  and  finding  the  Latitude  the*  el). 

I »  AN  \  Obfervation,  is  the  finding  either  the  Sun’s,  or  Star’s 
Meridian  Altitude  (at  Sea)  with  a  Quadrant,  or  with 
a  Crofs  Raff.  $ 

2  Meridian  Altitude,  is  the  Height  above  the  Horizon  of 
the  Sun  or  Star,  they  being  upon  the  Meridian  of  thePiaceof 
Obfervation  •  and  that  the  Sun  ia,every  Day  at  Noon, but  the 
Star’s  at  different!  imes,  accordingto  the  differing  of  their  fe¬ 
deral  Right  *fcenlions  from  the  Sun’s  Right  Afcenfion, 

5.  A  Quadrant  is  an  luRrument  whereby  the  Surds  Altitude 
(only  at  Sea )  is  found. 

4*  A  Crofs  (faff  or  Fore-Raff,  is  an  InRrument  whereby 
M  ariners  find  either  the  Sun,  or  Star’s  Altitude,  The  particu¬ 
lar  Description  ofthrie  Inftruments  I  here  omit,  having  done' 
it  largely  in  the  Mariners  Comp  a fs  ReBified  j  to  which  Rook  l 
referthe  Learner,  and  will  now  Riew  how  to  find  theLatitude 
after  you  have  Oblerved.  which  is  called,  working  an  Obier* 
vation,  and  that  in  this  one  Propofition. 

B/Qpofition.  The  M  ridi  an  Altitude  of  any  Heavenly  Chiefly  and  its 
Decimation  given  $  to  find  Che  Latitude  of  the  Place  of  Obfervation. 

In  this  Propofition  are  two  Cafes. 

Cafe  1.  When ,  or  'ivh  n  the  QbjeB  objerved  dsth  both  Rife  and  Set 
in  24  Hour^,  The  Rules  are  the fe. 

Rule  1  The  Meridian  Altitude,  and  Declination  of  one 
kind  5  that  is,,  both  North,  or  both  South  5  the  Difference  of 
theZenithDikunce,  and  therDeclination,  is  the  Lat.  required. 

Note:  When  the  ^Declination  is  greater  than  the  Zenith 
Biflance,  the  Latitude  is  ol  the  fame  Name  5  but  if  lefs,then 
of  a  ContraryName  to  the  Declination. 

Rule  2.  The  Meridian  Altitude  and  Declination  of  contrary 
Names;  that  is,  one  North,  and  the  other  South,  The  Surp  of 
.the  Zenith  DiRaoce, .and  the  Declination,  is  the  Latitude  re.* 
quiredj  of  the  fame  Name  with  the  Declination. 

Note  i»  By  Meridian  Altitude  South,  I  mean  the  Qbjeff 
obfervcd  is  to  the  Southward  of  the  'Oblervcr  ^  and  when 
North,  then  to  the  Northward  of  the  Obferver. 

Note,  2.  By  Zenith  DiRance,  underftand  the  Complement 
©f  the  Meridian  Altitude,  of  obje&  ohferVed. 

Example  1.  Op  the  20th  of  May  1 751.  the  Sun  s  Meridian 

Altiv 


/ 
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Altitude  6  d.  08m.  South  $  and  hit*  Declination  2 id  54m. 
North  What  is  the  Latitude  of  the  Place  of  Obfervation  ? 

■ 

The  Sun’s  Zenith  Didance - - 28  5  z  South 

Sun’s  Declination  - -  — - - 21  54  North 

-  The  Sum  (by  Rule  2.)  is  Latit.  required  —  50  46  North 
Example  2.  On  the  lit  o  (July  1731.  the  Sun’s  Zenith  Di- 
dance  being  nd.  50m.  North,  and  his  Declination  2 2d.  04m. 
North.  What  is  the  Latitude  ot  the  Place  ol  Obfervation  ? 

,  d.  m. 

From  the  Sun**  Declination  <— — •  2 2  5S  North 

Subtract  the  Sun’s  Zenith  Didance  — —  ■■■—■*  11  50  North 

The  Remainder  is  the  Latitude  required* — ~  ii  08  North 
Example  3.  On  the  3d  of  June,  1 7  3  1,  the  Sun’s  Zenith  Di- 
dance  being  apd  ism  South,  and  his  Declination  then  23d* 
17m- North.  What  istheLat,  of  the  Place  of  Oblervation  ? 

.  d.  in. 

To  the  Sun’s  Zenith  Didance  29  15  South 

Add  his  Declination  ~  23  17  N  orth 

The  Sum ( by  Rule  2»)  is  the  Latit.  required  52  N°ith 
Example  4.  On  the  20th  of  March  1731,  the  Star  Rome 
baut  being  obferved,  and  his  Zenith  Diftance  2od  1 7m.  North# 
this  Stars  Declination  (in  Page  178)  is  5 id.  19m.  South*  What 
is  the  Latitude  of  the  Place  of  Obfervation. 

d.  rn. 

To  the  Stars  Zenith  Didance  — — *  ~  2 o  17  North 

Add  the  Star’s  Declination**—*™-™-  31  1 9  South 

The  Sum  is  the  Latitude  required  - - — 5 1  3  6  South 

Example  5  The  30th  of  March  17  31.  the  Foot  of  the  Cro¬ 
fters  (by  fome  called  the  Cocl^s  foot')  a  Star  much  ufed  in  South¬ 
ern  Voyages,  being  obferved,  his  Meridian  Altitude  was  4$d* 
C(5m  Souths  this  Star’s  Declination  (in  page  17 8;  is  tfid.  1 5m. 
South.  What  is  the  Latitude  of  the  Place  of  Obfervation  ? 

d  rn. 

From  the  Crofers  Declination1——^ —  6 1  15  South 

Subtract  his  Zenith  Didance*—-*-*-^  41  54  South 


The  Remainder  is  the  Latitude  required - *  19  21  South 

Cafe  2.  Where,  or  'when  the  Objeff  obferved  doth  neither  R.tfe  nor  Set 
in  24  Hours  \  that  is,  doth  not  in  the  Diurnal  Motion,  move  be- 
law  or  under  the  Horizon.  x 

R  4  Kote^ 
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Note  i.  In  fome  parts  of  this  Earthly  World,  both  the  Sun 
and  Stars  do  not  Rife  nor  Set,  but  are  above  the  Horizon,  and 
upon  the  Meridian  of  the  fame  Place  twice  in  the  fpace  of  24 
Hours 5  and  this  lafteth  but  for  fome  part  of  the  Year  with 
the  Sun,  but  always  with  fome  Stars. 

Note  z-  Where  the  Sun,  or  aStar,  doth  neither  Rife  nor  Set; 
it  cometh  upon  the  Meridian  below  or  under  the  Pole  3  and 
£hen  it’s  at  the  lead  Meridian  Altitude. 

Note  3.  Some  Stars  in  fome  Places  come  upon  the  Meridi¬ 
an  both  below  and  alfo  above  the  Pole  5  that  is  between  the 
Zenith  and  the  Pole*  and  then  it’s  at  the  greateft  Meridian 

Note  4.  Where  a  Star  cometh  upon  the  Meridian  both  below, 
and  alfo  above  the  Pole,  it’s  always  to  the  Northward,  both 
in  its  ieaft  and  greateft  Meridian  Altitude,  or  elfe  always  to* 
the  Southward, 

'  Note  5,  Again  there  are  fome  Stars  come  upon  the  Meridi¬ 
an  to  the  Northward,  and  below  the  Pole  ?  and  to  the 
Southward  between  the  Zenith  and  the  Equino^ial ;  and  alfo 
to  the  Southward,  and  below  the  Pole  3  and  to  the  North¬ 
ward  between  the  Zenith  and  the  Equino£fial. 

Note  6  Where  the  Sun  cometh  to  the  Meridian  below,  or  a 
Star,  both  above  and.  below  thePole,  the  Latitude  of  that  place 
is  of  the  fame  Name,  with  the  Sun,,  or  Stars  Decimation  % 
That  is,  it  the  Sun  or  Star’s  Declination  be  North,  the  Latr 
tilde  of  the  Place  is  North}  but  South,  when  the  Declination 

is  South,  n  ,  _ 

l  Note  7.  For  thofe  Stars  which  never  come  (the  Sun  never 

cloth  come )  to  the  Meridian  above  the  Pole,  at  their  greateft 
Meridian  Altitude,  the  former  two  Rules  ferveth  for  to  find 
^  1^  C  J 1  tn  d  C  • 

Jbeil  to  find  the  Latitude  by  the  Sun  under  the  Pole ,  or  Star  s  both 
under  and  ibovt  the  Pole,  Lhe  Pules  at  s  thejet 
'Rule  3.  The  Object  obferved,  being  on  the  Meridian  below 
the  Pole,  the  Sum  of  the  Meridian  Altitude,  and  Complement 
of  the  Declination,  is  the  Latitude  required,  of  the  fame 

Name  with  the  Declination.  . ..  , 

Rule  4.  The  Objea  obferved,  being  on  the  Meridian  above 

the  role,  the  Difference  ot  the  Meridian  Altitude,  and  the 
Complement  of  the  Declination  is  the  Latitude  required,  o* 
the  fame  Name  with  the  Declination. 

Ex:- 
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Example  1 .  Auguft  iff,  1731,  the  Sun’s  Meridian  Altitude 
below  the  Pole,  or  under  the  Pole,  was  found  to  be  5 d  30m- 
and  his  Decimation  8d.  57m.  North  3  What  is  tne  Latitude  of 
the  Place  of  Obfervation  ? 


1  U*  Ul4 

To  the  Complement  of  the  Sun’s  Declination-81  23  North 
Add  his  Meridian  Altitude  below  the  Pole—  5  30 

The  Sum  (by  Rule  3)  is  the  Latitude  « — —  >86  33  North 
Example  2.  On  December  the  8th,  173  r,  the  Bull's  Eye 
Aldebavan  came  upon  the  Meridian  under  the  Pole,  and  his 
Meridian  Altitude  was  obferved  to  be  9d.  10m.  this  Star’s 
Declination  (in  Page  178 )is  i$d.  50m.  North  3  What  is  the 
Latitude  of  the  Place  of  Obfervation  ? 

d  m. 

To  the  Complement  Bull's  Eye  Declination  -  74  10  North 
Add  his  Meridian  Altitude  under  the  Pole  09  10 

The  Sum  (by  Rule  3.;  is  the  Latitude*—-—  83  20  North 
Example  3.  On  ^ww<?the  25th  1731,  the  Foot  of  the  Crofters 
was  obferved  under  the  Pole,  its  Meridian  Altitude  2  id.  25m 
the  Declination  of  this  Star  (in  Page  178)  is  6id  15m.  South; 
I  demand  the  Latitude  of  the  Place  of  Obfervation  ? 


d  m. 

To  the  Complement  of  the  Star’s  Declination  2945  South 
Add  his  Meridian  Altitude  —  . .  »  2125 

The  Sum  (by  Rule  3)  is  the  Latitude  ♦ — - — 10  South 
Example  4.  The  17th  of  February ,  1731,  the  Northern  Pointer 
of  the  Great  Bear  came  to  the  Meridian  above  the  Pole,  and  his 
Meridian  Altitude  was  5<jd  10m.  this  Stars  Declinatian  is  63d. 
30m.  North;  What  is  the  Latitude  of  the  Place  of  the 
Obferver.?  d  m. 

From  the  Star’s  Meridian  Altit.  above  the  Pole 5 <5  10 
Subtract  the  Complement  of  his  Declination  2 6  30  North 

Remainder  (by  Rule  4)  is  the  Latitude  —  29  40  North 


Chap.  XII.  A  Sea-Rickoning ,  or  'Journal,  what  it  iV,  and 
the  manner  how  it*s  kept ,  Directions  to  CorreCt  it 3  with 
an  Example 9  and  the  Explanation  thereof. 

HP  H  E  beeping  a  good  Reckoning  or  Journal,  is  not  only 
the  Mariner  s  Reputation*,  but  (under  God)  the  Prefer  va- 

tlon 
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tion  of  a  Ship,  and  ail  in  it  5  the  Ignorance  thereof  has  been, 
fit  not  the  Oniv  1  may  fay)  the  chief  v  aide  of  lofing  divers 
Rich  Ships,  and  many  Dear  Lives,  and  thence  the  impover- 

silling  of  feveral  Famalies. 

Then  certainly,  it  fhoulh  be  their  great  Concern,  to  be  ex¬ 
pert  herein,  who  <ake  on  them  the  Navigating  Ships  to  remote 
Pi  acer,  when  io  great  a  Trull  as  Men's  Lives  and  Eftates  are 
re  poled  in  them  5  that  fo,  by  a  k  >&■  ledge  of  and  a  corflant 
careful  Fr^lice,  in  keeping  an  exact  Journal,  they  may  not 
only  bear  the  empty  Name  of  Navigator,  our  thereby  prove 
themfelves  defervedly  worthy  of  the  Title  of  Com pleat  Artifls. 

And  for  a  Compleat  keeping  a  Journal*  l  prefer  this  Me¬ 
thod  hereafter  following  5  which  tho’  it  be  new,  and  ufed  (a« 
I  know  of;  but  by  few,  yet  I  doubt  nut,  when  better  known, 
it  will  be  more  ufed:  Now  that  you  may  rightly  underftand 
what  it  is,  and  how  to  keep  an  Account  of  the  Ships  Way' by 
this  new  Form,  I  will  thus  explain  it. 

1  Know  that  a  Journal  or  Sea- Reckoning,  is  a  pun£!ual 
writing  down  every  Day  in  a  Book  (fit  for  that  purpofe)  the 
Courie,  Difiance,  Difference  of  i  atitude,  and  Departure  the 
Ship  hath  made  what  Latitude  and  Longitude  file  is  in;  and 
alfo  the  Wind  Weather,  with  all  Accidents  and  Occurences 
that  happen* 

To  perform  which  after  the  beft  manner,  do  thele  prepara- 


which  fiand- 


tive  Things. 

Fhllj  Provide  a  Folio  Book  of  2,  5,  or  4  Quire  of  Demy* 
Paper.and  let  it  be  rul’d  like  the  Lo^Board,  (m  Page  65)  with 
5  Columns,  taking  up  about  half  the  breadth  of  each  Page. 

Thefs  five  Columns  may  be  marked  or  noted  at  the  Head  of  each 
Column,  'with  Letters  thus  $ 

Hours  under  it  are  the  Hours  of  the  Day 

i/lXt.  {run  out  that  Day.  . 

iourjes ,  which  have  been  fleered  thatDay, 
Winds ,  which  have  blown  that  Day,  e?v. 

Secondly,  Rule  11  Lines  crofs  the  forefaid  5  Columns,  and 
fo  far  al under,  that  on  Occafion  you  may  write  two  l  ines  of 
writing  in  the  Spaces  between  thofe  Lines$  then  will  the  fame 
Ruling  lerve.  for  an  Eaft  India  Toyags*  in  which  the  log  is 
heaved  out  every  Hour  and  alfo  tor  other  Voyages  where 
it’s  uted  every  two  Hours* 


A  Uu/ijur 


1  y!acC  tJi.  IS 

nCMt  after 
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Thirdly %  in  the  firft  Column  (marked  at  the  upper  end  with 
H)  write  down  the  Hours  of  the  Day  }  that  is  for  Common 
Voyages,  2,  4,  6,  8,  10,  12  ?  and  2, 4,  6,  8  10  and  12:  But 
for  an  Eaft  India  Voyage,  1,  2,  3,  8=r.to  12  at  Midnight  5  then 
i,  2,3,  C re.  to  1 2  at  Noon.  And  thus  far  is  the  Book  fitted, 
and  prepared  to  coppy  off  the  Log-Board . 

Fourthly ,  Under  thefe  5  Columns  let  there  be  ruled  12  fhorfc 
Columns,  which  may  take  up  the  whole  Breadth  of  each  Page 
of  the  Book.  Thefe  may  be  entkuled  as  in  thejournal  follow¬ 
ing  this  Difcourfe,  (in  Pages  274  and  275)  and  needs  not  any 
farther  Explanation. 

Now  luch  a  Book  fo  Ruled  as  here  exprefs  d,  each  Page 
thereof  will  contain  two  Days  Sailing,  with  all  appertaining 
thereunto  as  fhall  afterwards  appear 

Fifthly )  Having  a  Journal  Book »  thus  prepared,  and  now  on 
your  departing,  the  firfi  thing  is  to  enter  the  Title  of  the 
'Journal  which  may  be  done  thus :  In  the  Top  or  Head  of  the 
firft  Page  of  the  Journal  Book 1  write  the  Title  thereof  in 
Words  after  the  Form  immediately  before  the  Journal,  in 
Page  273,  "  ", 

And  now  the  Book  is  compleatly  prepar’d,  fit  for  the  Ufe 
intended,  and  that’s  keeping  a  Sea  Reckoning ,  after  this  manner,, 

z.  Next  under,  or  after  the  Title,  (write  in  the  Blank  Space 
between  the  5th  Column  for  the  Wind, and  the  Side  of  the 
Book)  the  Year,  Month,  Day  and  Hour,  you  part  with  fight  of 
the  Land,  and  alio  the  Circumftances  and  Adlions  attending 
the  fanoe,c^r.  as  here  you  may  fee  in  the  two  firft:  Sides  of  the 
Journal :  which  by  reafon  of  the  fmallnefs  of  this  Book  reach- 
eth  Pages  274  and  275,  which  are  to  be  efteemed  but  as 
one  Page,  or  Side  of  the  Journal .  , 

3.  Every  Day  at  Noon,  write  in  the  5  Columns  the  fame 
you  find  writen  on  the  Log-Board,  which  containeth  the  Ship's 
Courses  Steered ,  Pittances  run  by  the  Log,  what  Winds  have 
blown,  what  Sails  handed ,  and  when, 

4.  In  the  Vacant  Space  of  the  Right-hand  of  thefe  s  Co¬ 
lumns  (which  takes  up  more  than  half  the  Breadth  of  the 
Book)  exprefs  the  Tratfaffions  of  that  Day,  as  Winds,  Wea¬ 
ther,  Currents,  fetting  of  the  Sea ,  handing  of  Sails,  meeting  or  part, 
ing  with  Ships,  Death  of  ALn,  Variation  of  the  Compafs,  and  all  o* 
ther  Accidents  and  Occurrences  whatfoever. 

5.  Then  Corredf  the  feveral  Courles,  by  allowing  for  Lee* 

'wardway,  Currents,  and  Wariatior?)  according  to  the  Nature  of 
*•  ••  .  *;■■■*’  '*  1  \  them; 

a  ^ 
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them  3  and  bring  them  into  one  Courfe  (by  Chapter  3,  SeBion  4. 
of  Plain  Sailing. >  in  Page  64.)  by  which  you  will  find  the  Ship’s 
DiftanceyDifference  of  Latitude ,  andDeparture  from  the  Meridian; 
which  being  let  down  in  the  Columns  bearing  thofeTitIes,then 
(by  Chapter  3.  SeBion  3.  General  Rule  3,  in  page  58)  find  the  La¬ 
titude  the  Ship  is  in,  and  fet  that  in  its  proper  Column:  And 
laftly,  (by  Chapter  4 .SeBion  3.  Problem  5.  in  Pages  96  and  97. 
Alfo  Chapter  4 .SeBion  2.  Problem  5  .Page  91  of  Mercator's  Sailing) 
find  the  Longitude  the  Ship  is  in,  and  place  that  in  the  12th 
and  iaft  Column  ;  and  thus  you  finifh  that  Days  Work* 

For  Leeward)  or  Leeway,  the  Allowances  are  fuch  as  in  thefe 
8  Cafes  following. 

Fivftt  The  Ship  being  upon  a  Wind,  allow  ore  Point  for 

Leeway. 

Secondly)  The  Wind  blowing  hard  to  caufe  one  Topfail  to  be 
taken  in  3  allow  two  Points  for  Leeway s 

1  Thirdly ,  When  it  blows  fo  hard  that  both  Top  failsafe  taken 
in,  and  the  Sea  runs  high;  allow  then  three  Points  for  Leeway „ 

Fourthly ,  The  Fore  Jail  being  furl’d,,  and  the  Ship  Try  under 
a  Main-fail ,  and  a  M!Jfon  3  allow  lour  Points  for  Leeway ,  for 
fhe  then  makes  her  way  about  four  Points  before  the  Beam  (as 
the  Sea  Phrafe  is.) 

Fifthly ,  When  the  Ship  Trys  under  a  Main  fail  only,  file  then 
makes  her  way  near  three  Points  before  the  Beamy that  is,  near 
Five  Points  for  Leeway . 

Sixthly  If  the  Ship  trys  under  a  Mijfon  only,  her  Way  is  a- 
bout  two  Points  before  the  Beam  3  that  is,  allow  fix  Points  for 
Leeway 

Seventhly ,  When  Hie  Lies  a  Hull  3  that  is,  with  allh^r  Sails 
purl’d,  her  way  is  one  Point  before  the  Beam ,  and  then  feven 
Points  is  her  Leeway . 

Lightly,  If  the  Wind  hath  blqwnhard  at  W5S.W.  and  made 
the  Sea  run  high,  the  Ship  {lemming  South,  and  the  Wind  (Lift¬ 
ing  to  E  S  E.  then  whilft  the  Sea  continues  to  run  high,  it 
firikes  the  Ship  on  the  Lee  Bow,  and  abates  the  Leeway * 

Note  3  In  all  thofe  eight  Cafes,  refpett  rnuft  be  had  to  the 
fmoothnefs  of  the  Water,  or  the  Sea's  running  high,  and  then  the 
Allowances  may  be  rdHified  with  the  greaterCertainty,  by  fet- 
ting  the  Sbip'sTVake  by  th ^Quarter  of  theCompafs ,  placed  on  each 
Rail  of  the  Ships  Quarter, which  is  ufually  fet  there  for  that 
Purpofe. 

Thde  Diredions,  with  a  Confederation  of  the  Ship's  Trim 

.  Sail 


Chap*  XII.  How  to  keep  a  Journal  %69 

Sail  aboard ,  Strefs  of  Wind ,  and  growth  of  the  Sea ,  being  put  in¬ 
to  Pra&ice,  will  fo  improve  the  Young  Navigator's  Judgment, 
that  he’ll  feldom  fail  of  making  a  trueAilowance  for  the  Ship’s 
Leeway. 

6.  After  this  manner  are  you  to  proceed  every  Day  from 
Noon  to  Noon ,  which  is  the  beginning  and  ending  of  the  Day 
Aftronomical,  the  Day  by  which  the  Mariners  keep  their  Sea- 
Reckoning. 

7 .  Remembring  always  toobfervefur  the  Latitude,  when 
Opportunity  prefents,  either  by  Sun  or  Stars  >  that  being  the 
chief  thing  to  be  depended  on, and  by  which  the  Reckoning  is 
confirmed  or  rectified, which  is  the  next  thing  to  be  treated  of. 

8.  When  the  Latitude  by  Account  agrees  with  the  Latitude 
by  Obfervation,  then  is  the  Reckoning  confirmed,  and 
you  are  fure  it’s  kept  well. 

p.  But  if  they  difagree,  then  either  the  Ship  hath  out-run 
your  Reckoning,  or  your  Reckoning  hath  out  run  the  Ship  - 
and  there  is  fome  Error,  either  in  the  Courfe,  Diffance  fail¬ 
ed,  or  both  of  them  $  Now,  to  find  where  the  Error  lies  con¬ 
fide?  whether  there  be  a  Current,  or  no. 

10.  If  there  be  a  Current ,  try  it,  and  find  which  way  it  fets, 
and  howfafl}  and  by  that  Correct  both  Courfe  and  Diftance- 
and  if  that  makes  the  Reckoning  Latitude  to  agree  with  the  Qb~ 
ferved  Latitude ,  you  have  then  truly  Corrected  the  Reckoning, 

But  if  you,  only  by  fome  probable  Reafon,  conjecture  there 
is  a  Current ,  then  give  what  Allowance  you  think  meet  to  the 
Difference  of  Latitude^  and  Departure ,  and  fee  if  that  will  reform 
your  RecJ{omnglLatitude,  that  it  agree  with  the  obferved  Lati- 
tude$  if  fo  you  have  gueffed  well  (for  you  muff  ever  keep  to 
the  Latitude  by  Obfervation  that  being  the  principal  thing  to  be 
relied  upony  but  if  it  will  not  agree  with  thtObferved  Latitude , 
it’s  to  be  fuppofed  that  there  are  miflakes  in  your  ConjeBurei  or 
fome  other  Caufe  of  this  Error  in  the  Reckoning. 

1 1.  When  there’s  no  Current , nor  any  Variation^  or  if  there  be 
either  or  both  5  and  <;hey  are  allowed  for  according  to  Art 
and  Reafon,  and  yet  they  will  not  agree  with  the  Obferved 
Latitude 5  then  there  is  an  Error  either  in  Steerage^  or  in  the  Log% 
and  to  know  in  which  it  is,  take  this 

General  Rule . 

Differ  of  Lataude^  ^reate  tfoe  roy  in 
Departure  ~ — * —  S  &  c  Courje. 

1 2.  When  there  is  an  E^ror  in  the  Courfe  fleered,  you  mud 
(after  the  Allowance  in  the  10th  and  nth  Rules  have  been 

'  made ) 
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made)  then  only  correct  the  Difference  of  Latitude  and  fo 
make  the  Reckoyiing  Latitude  to  agree  with  the  Latitude  by  (jb- 
fervation ,  and  the  Work  is  done 

igt  Buf  when  the  Error  lieth  in  the  Log,  the  Did  a  nee  is 
faulty,  and  this  is  that  which  mod  ufually  makes  the  Differ¬ 
ence  between  the  Ohferved  Latitude,  and  the  Latitude  Rec¬ 
koning.  And  herein  are  two  Cafes. 

Cafe  I.  In  North  Latitude  failing  towards  the  North ,  and  in  South 

Latitude ,  failing  towards  the  South . 

If  the  Ohferved  l  atitude  be  the  greater,  then  hath  the  Ship 
out-run  the  Reckoning  ;  but  if  it  be  the  lefier,  the  Reckon¬ 
ing  hath  out-run  the  Ship. 

Cafe  4.  In  North  Latitude,  ( ailing  towards  jhe  South ,  and  in  South 

Latitude,  failing  towards  the  North. 

If  the  Ohferved  Latitude  be  greater  then  hath  the  Reckon¬ 
ing  out-run  the  Ship  •  but  if  it  be  theleffer,  the  Ship  hath  out¬ 
run  the  Reckoning. 

14.  When  the  Ship  hath  out-run  the  Reckoning,  then  is  the 
Reckoning  too  little,  and  the  Difference  between  the  ohferved 
Latitude  and  Reckoning  Latitude,  mail  be  added  to  the  North 
or  South  Column  in  the  Reckoning  ;  and  fo  doing  it  sCorre£ted« 

15.  But  when  the  Reckoning  hath  out  run  the  Ship,  then 
is  the  Reckonging  too  great,  and  the  Difference  between  the 
Ohferved  Latitude  and  Reckoning  Latitude,  muft  be  lubtraft- 
ed  from  the  North,  or  South  Columns  in  the  Reckoning;  and 
fo  doing  it’s  Corrected 

16.  To  Correct  the  Departure  (the  Eaft,  or  Weft  Column 
in  the  Reckoning)  when  the  Error  is  in  the  Diftance  do  thus; 
Add  up  the  N,  S,  E,  and  Weft  Columns  from  the  beginning, 
if  it  be  the  firft  Error;  otherwife  from  the  laft  Error,  or  from 
thelaft  Obfervation  to  the  Day  of  the  prefent  Error  *  in  order 
to  find  the  Difference  of  Latitude  and  Departure  *  as  was 
fhewed  in  adding  up  the  Columns  in  a  Traverfe. 

And  then  the  Proportion  to  find  the  Error3  or  Corre&ion 
in  the  Departure,  is  this  $ 

As  the  Difference  of  Latitude,  is  to  the  Departure  ; 

So  is  the  Correction  in  Latitude  to  the  Correction  in  Departure. 
■Note  *  Correction  in  Latitude  is  the  Difference  between  the 

Ohferved  Latitude,  and  Reckoning  Latitude. 

The  Correction  in  Departure  muft  be  added  to,  or  fubt rail¬ 
ed  from  the  Eaft  or  Weft  Column  in  the  Reckoning,  accord¬ 
ing 
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irg  to  the  14th  and  15th  Rule  af'orefaid  3  and  fothe  Depar¬ 
ture  will  be  Corrected. 

1  7.  To  Correift  the  Longitude  do  thus  3  Find  (by  the  Table 
of  Meridional  Parti)  the  Meridional  Difference  of  Latitude,  be¬ 
tween  the  Obferved  Latitude,  and  the  Reckoning  Latitude, 
and  then  the  Proportion  is  this: 

As  the  Correction  in  Latitude,  i„  to  the  Correction  in  Departure  : 

So  is  the  Meridional  Difference  of  Latitude ,  to  the  CotreClion  m 
Longitude. 

Then  according  to  the  new  Way  of  Computation  of  L  on¬ 
gitude  in  the  Mariners  Compafs  Rectified ,  if  the  Longitude,  and 
its  Cdrre&ion  be  both  Eaft,  or  both  Weft,  add  3  but  one 
Eaft,  and  the  otherWeft,  fubtrad,  and  the  Longitude  is  Cor* 
reeled. 

And  having  gone  over  the  Rules,  and  Directions  about  keep¬ 
ing,  and  Correcting  a  Sea-Reckoning,  or  Journal^  l  will  alfo  give 
an  Example  of  a  Journal,  of  an  intended  Voyage  from  the  Litard 
towards  Barbadoes ,  that  the  foregoing  Rules  may  be  the  better 
underftood. 

And  altho’  this  following  Journal  be  but  an  Example  of  Seven 
Days,  (being  fo  defigned  that  this  Rook  might  not  fvvell  too 
big  (yet  it  may  be  of  fufftcient  Intelligence  to  a  d  iligent  Rea¬ 
der)  for  the  right  underftanding  this  Method  of  Keeping,  and 
Correcting  a  Sea  Journal 3  efpecially  if  the  following  Explana¬ 
tion  be  deliberately  compared  with  the  preceeding  Directions  y 
and  thereby  as  informing,  as  if  the  whole  Series  of  the  Voyage 
had  been  inferted,  which  would  have  both  augmented  the 
Book,  and  its  Price,  but  not  anlwerably  the  underftanding  it- 

Having  been  treating  about  Keeping  an dCorreCt'mg,  a  Journal, 
which  cannot  well  be  done  ’till  the  Erior  in  the  Log-Line  and 
Ha  Iff  Minut  e-Ola f t ,  he  Reffified  ;  I  think  it  neceffiry  here  to 
fay  fomething  of  both.  '  . 

The  manner  of  keeping  a  Reckoning  or  SeaSJotirna!  (by  our 
Englijh  Navigators )  is  by  the  Log-! rne,  and  Ha/f-Xiinute-llafs  5 
Ought  not  care  to  be  taken  that  they  be  true,  die  a  Reckon¬ 
ing  kept  by  them  cannot  be  true  ? 

But  it  bath  been  an  ancient  Cuiiom,  and  ftill  is  too  much 
ufed,  to  meafure  7  Fathom,  or  42  Feet,  between  Knot  and.. 
Knot  on  the  Log-Line,  which  is  grounded  on  this  Conjecture, 
That  5  ^eet  makes  a  Pace  a  looo(fuch)  Paces  a  Mile,  and  60 
(fuch  Miles)  makes  a  Degree  3  that  is  a  Degree  contains  300000 

Fret, 
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Feet  and  a  Mile  (or  Minute)  5000  Feet;  and  becaufe  an  Half- 
Minute  of  Time  is  the  120th  part  of  an  Hour,  and  the  120th 
part  of  (a  Mile)  5000  Feet,  is  almoft  42  Feet,  the  Meafure 
commonly  put  between  each  Knot  on  the  Log-Line. 

But  this  Erronius  Computation  hath  been  fuflficiently  con¬ 
tradicted  by' Mr  Ougbtred,  Mr  Norwood,  and  others 

Mr.  Oughtred ,  in  bis  Circles  of  Proportion ,  in  Page  15  5,  doth  al¬ 
low  66%StatuteMiles  to  a  Degree  on  the  Earth,  each  Mile  being 
5  28©  Feet,  fo  that  in  a  Degree  there  are  349,800  Feet 

And  Mr.  Richard  Norwood  in  his  Seaman  s  Prattice,  Page  43, 
doth  prove  a  Degree  on  the  Earth,  to  contain  367200  Englijh 
Feet :  but  at  length  confents  to  allow  360000  Feet  to  a  Degree, 
and  fo  6000  Feet  the  60th  part,  to  be  one  Minute,  commonly 
called  a  Mile  3  fo  that  6000  Feet  fhould  be  the  Number  from 
whence  the  Knots  on  the  Log- 1 me,  ought  to  be  deduced. 

Therefore,  if  6000  (the  Feet  in  a  Mile  or  Minute)  be  divi¬ 
ded  by  120  (the  Halt  Minutes  in  one  Hour)  the  Quotient  is 
50  Feet 3  for  the  Diftanceof  each  Knot,  on  the  Log-line,  and 
25  Feet  is  half  a  Knot. 

Now  5  being  the  one  Tenth  of  50,  let  each  fathom  on  the 
Log-line  contain  5  Feet  3  and  tnen  5  of  tneis  fathoms  make  a 
Half  Knot,  and  loot  them  one  Knot, 

And  According  to  theie  Meafures,  let  every  Man  that  would 
keen  a  true  Reckoning,  and  give  a  good  Account  of  his  Voy¬ 
age,  be  perfwaded  to  mark  his  Log  Line,  and  not  let  cuftom 
prevail  above  Reaforn 

Then  it  follows,  That  if  a  Ship  runneth  out  one  of  theie 
Knots  in  half  a  Minute,  fhe  runneth  one  Mile  or  Minute,  the 
60th  part  of  a  Degree  in  an  Hour;  if  2  Knots,  then  2  Miles  5 
if  3  Knots  and  4  Fathoms,  then  Miles  3,4  3  that  is  3  Miles 
and  4  Tenths  of  a  Mile  in  an  Hour,and  lo  tor  any  other*  And 
by  fuch  a  Log. Line  is  the  following  RecKoning  kept. 

The  like  regard  mu  ft  be  had,  that  the  Half  Minute-Glals  be 
of  a  juft  Length,  otherwife  no  true  Account  of  the  Ship & Way 
can  be  kept  •'  Now  for  than  take  an  appro v  d  Experiment^ 
mentioned  by  Mr  Philips,  in  his  Advancement  of  Navigation,  the 

Second  Part,  Page  9*  as  follows,  a  _ 

An  eafy  and  exaB  way  to  ~Meafure  a  HalfMinute-GlaiSo 
Let  a  Plummet  of  any  form  or  weight,  be  taftned  to  one  end 
of  a  Thread t  or  Silkftring  that  is  38^  inches  long,  and  at  the  o- 
ther  end  is  a  Loop  or  Noofe,  to  hang  it  on  a  (mall  Pin  or  NaiL 
faftned  in  any  Place,  fo  that  the  Plummet  may  fwing  freely. 

Then  ihe  Loop  of  the  String  being  hung  on  the  Pin,  the 

String 


1 


firing  38  §■  Inches  from  the  Center  of  Gravity  to  the  Center  of 
Motion  ^  tnis  is  Inches  from  theend  of  the  Loop,  to  the 
middle  of  the  P lummet  ♦  and  the  Plummet  caufed  to  Swing  ' 
each  of  thole  Swings  Ihall  be  a  true  Second  of  Time,  and  30 
of  them  the  juft  Length  of  an  Half-Minute  Glafs , 

Always  counting  the  Swings  both  forward  from,  and  back¬ 
ward  to  the  Perpendicular,  fuppofed  to  fall  from  the  Pin  where¬ 
on  the  String  doth  hang  For  half  a  Second  of  Time  is 
meafured  every  time  the  Plummet  pafleth  from  the  Perpen¬ 
dicular,  to  its  utmoft  Swing  eitherways. 

But  when  the  Ship  hath  any  confiderableMotion,  make  the 
String  7  Inches  fhorter,  and  there  make  a  Knot  to  hold  it  bv, 
between  your  Finger  andThumb;  then  by  the  Motion  of  the 
Hand,  caufe  the  Plummet  to  afcend  to  an  Angle  of  about  60 
Degrees,  every  Swing  from  the  forefai  1  Perpendicular 5  men 
each  Swing  fhall  be  equal  to  thofe  before  mentioned  •  So  that 
by  this  Experiment,  you  may  meafure  a  true  Half  Minute  of 
Time  without  a  Glafs,  and  by  it  examine  the  Truth  of  any  Glafs. 
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D  The  1 6  of  'January^  1 73  2 .  At  Noon  we  law  the 

Lizard  Point  beat  North  about  1 8  Minutes  or  Mile-  Di- 
fiance  offus:  We  had  variable  ’-Vinds,  frdh  Gates,  clofe 
hazy  rainy  Weather,  as  per  Columns . 


t 

In  Company  with  the  Succefs ,  Capt.  Es  F  Command" 
er,  bound  for  the  Ea ft  Indies. 

•  \ 


4  17th  our  Courfte  and  Di/lance  made  good  thi& 
Day,  I  make  W  SW  137  Minutes*  with  Latitrnde, 
Meridional  Diflance,  and  Longitude  *  as  per  Columns 
underneath. 

.  « 

t 

•  ■  :  ’  V-  '  , 
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t*]6  A  Journal  from  England  Chap.  XII 


1 

H 

C  C 

F  , 
»f  5  Feet 

c 

Wind  and  Weather 

2 

6 

~  V 

^  s  w 

N  E  .Show 

« 

;T‘ 

Ol 

4 

6 

— 

sw 

\  ~  '  '»  .  . 

d 

o 

c 

3 

6 

5 

8 

Rain  and  Snow 

*r- 

8 

7 

i 

SWbyW 

N  E  by  E.  Rain 

IO 

7 

\  ■ 

wsw 

E  N  E  R“‘» 

12 

7 

i 

♦ 

N  E  by  N  Rain 

WiMiASwWW*  A* 

1 

2 

7 

\ 

N  E  Lightning 

i 

!  ^ 

1  ^ 

1  n> 

i  *"* 

4 

6 

8 

SWbyW 

NEby  E 

u 

1  5. 

-j 

•i  6 

7 

2 

WSW 

N  E  1 

B  ta? 

9  !«• 

130 

1  ST 

1  rt' 

8 

1 

P"— . 

- - — 

ENE  Hail  and  i^xiw 

10 

t 

»  5 

Rain 

,  12 

6 

< 

r 

E.  ^ain 

lSum  is 

19 

8  Which  doubled  (is  Min,  159,6 

£  3* 

v-»  <r 

V*s 

£ 

Month  and 
Year 

7 

Courfe 

Diftance 

failed  in 

Minutes 

l8 

d 

Jan.  1752 

S 

cr« 

K>!N 

£ 

158 

Diff*  of  Lat .  in  Ivlin. 

s 


N 


7-3 


d  The 


Chap.  XII. 


towards  Barbadoes 
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v  ;  1 

&  The  1 8th  of  January,  1732,  Hard  Gales  of  vari¬ 
able  Winds,  with  fome  Snow,  Hail  and  Rain . 


Our  Top-fails  Reef'd,  and  fo  have  been  ever  fince 
we  faw  the  L^ard.  A  great  fweliing  Sea  following 
us,  and  fetting  towards  the  SSW* 


Our  Courfe  and  Difiance  I  judge  to  be  SW  by  W. 
f  Weft  158  Minutes,  with  Latitude,  Meridional  Dift- 
ance  and  Longitude  as  in  the  Columns  underneath. 
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%  The  29th  of  January,  1732*  was  bad  Weather, 
very  hard  Gales,  thitk  Air ,  with  fome  Hail  and  Rain* 

A  great  Sea  after  us,  fetting  towards  the  SSW.  tor 
thefe  three  Days  paft. 

By  Ohfervation  the  Ship  hath  out-run  the  Reckoning 
24  Minutes  South,  which  being  attributed  to  the  S^W. 
Sea,  our  Courfe  and  Diftance  corre&ed  is  S  W.  by  S* 
I  \V.  204  Minutes  jwith  Meridional  Di fiance,  an dLon* 

gitude ;  as  underneath* 
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99 

]  00.14  s. 

00.10  W. 

00.14  w. 

52 

£■ 

« 

vs 

*4* 

06,46  W. 

1  15  ;;  W. 

S  4  Afternoon 
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C  |  Wind  and  Weather. 
SW  by  S. 


N  E 


Set  Main  Top  Sail 


N  E  by  N 


o 
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5 


S  W  by  W  N  E 
SW.  N  E. 
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Rain 


N 


Rai 


n 


N  ffl  by  N. 

Set  Fore-Top  Sail 


tsS08»e*BKt.*a 


SlFbS^W'  N. 


NNE 


fam’d  up ^  Which  doubled  is  Min.  138.8  Tenth's 


0  £ 
<>  ^ 

I  *f 

vT* 

A fantb  and 
Year 

29 
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Jan.  1732 

Courje, 


Defiance 

failed  in 
Minutes 

Diff  vf  Lat  in  mm 
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104.2 
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’  '  -  >  • 

I  ‘  1  , 

.  ..  '  ’  •:;*  ,  ' 

' 

:  -  \  : /.  ■"  ;  > 

» :  '  f  '•  .  '  ;  , .  ’  I*  ,  , 

%  The  20th  of  January, 17 %  2,  dofeWeather,  with 
fome  Rain,  frefli  Oaks,  and  variable  ;  with  a  N  N  E 

Sea.  1 


About  8  this  Morning  we  faw  a  .SW/on  our  Larboard 
Quarter,  fofar  off  that  we  could  but  juft  difcern  her« 


Our  Courfe  and  Diftance  made  good  this  24  Hours  - 
is  S  4  id  W-  or  S  W  by  Si  W.  138  Minutes,  with 
Latitude,  Merididnai  Diftance,  and  Longitude  :  as  here 
under. 


I  d.  m  d.  m. 

Zenith  Diftance — - Magnet  Amplitude — -35  25  ESe 

j Declination  —  — ~ —  True  Amplitude  — —  2  3  3°  E  S. 
-  -  .  .  / 
Lat.  by  Obf.  — * - Variation  —  ™ —  i  I  55  W* 


Depart 

E 

f*w  iWiw. 

W 

Latitude  by 
udctount  in 
deg.  and  min. 

Meridional 
Dijiance 
deg.  and  min. 

Longitude  by 

Account  in 
deg.  and  min. 

90.4 

43.2;  North 

08. i(5  Weft 

17,39  Weft 

Afternoon 
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of  5  Feet 

.  G 
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SS  W  I 
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5 

3 

3 
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5 

5 

5 

5 

1 

5 

3 
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5 

| 

5 

3 

4 

8 
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Wind  and  Weather 


NNE. 


\ 


N  by  E. 


Earn! 


Rain  1 


N  by  W. 


Rain] 


Rain\ 


Rami 


Which  doubled  (is  Min*  124* 


“Month  and 
Year 

Courfe 

Diftance 

faded  in 
Minute 

Tan.  1752) 

SS  w 

124 

Diff.  of  Lat .  in  Mitt. 

mm?  *** 

s 


T?  Xhe 
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N.  .  v  '  *  .  1  *  ’ 

* 

T,  The  21ft  of  January  17 3i,  dear  Weather,  in- 
termixt  with  lniall  ihowers  of  Rain,  frefti  Oales,  and 
a  IS!  N  E.  Sea. 


About  6  this  Morning  we  faw  two  Sails  on  our 
Larboard-Bow,  which  we  judged  were  Turks  Men  of 
War,  who  chafed  us  till  Sun  fer,  and  could  not  get 
upou  us  j  then  they  lay  by,  fo  we  loft  fight  of  them. 


V  . 

Our  Courfe  is  S  S  W.  124  Minutes,  with  Latitude, 
Meridional  Diftance,  and  Longitude  :  as  here  under. 


d.  m. 

TLeniih  Diftance  ~ — - - 

Declination  - - ■ — 

Lai.  by  Obfervation  — ■ 


d. 

Magnet  Amp l  - -  — 

True  Amph  — —  : - — 

Variation  — —  — 


Depart  in  Min, 

Latitude  by 

"Meridional 

Longitude  by 

Account  in 

Diftance 

Account  in 

E 

W 

deg.  and  min. 

deg.  and  min. 

deg .  and  min. 

47.4 

41.28  North 

09.03  Weft 

■ 

18.44  Weft 

Afternoon 
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towards  Barbadoes 


185 


Chap  XII. 

T?  The  2id  of  January  1732.  Frefh  Gales,  uncer¬ 
tain  Weather,  and  aNNE  Sea  after  us. 

*  f  ‘  ! 

/  1  .  .. 

/ 


Yefterday,  about  three  in  the  Afternoon,  in  letting 
the  Reef  out  of  the  Main  Top  Sail,  it  fplit,  which  we 
unbent,  and  brought  another  To  immediately. 


Our  Courfe  is  South  129  Minutes,  with  Latitude, 
Meridional  Diftance,  and  Longitude*,  as  here  under. 


Zenith  Difiance 
Declination 


d.  m. 


Lat ,  by  Obfervation 


Mag,  Ampl,  — . 
*2 rue  Ampl. 
Variation 


d  m. 


t- 


depart*  in  Min, 

Latitude  by 

Account  in 
deg,  and  min. 

Meridional 
Diftance  in 
deg.  and  min . 

Longitude  by 
Acconnt  in 
deg.  and  min . 

E 

W 

, 

39.19  N. 

09.03  w. 

18.44  W* 

Afternoon 
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N  E  by  N. 
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V 
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Sum’dis  71 _ 6  Which  doubled  is  Min.  14.3.2  Tenths 
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1  Year. 
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Minutes 

m 
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Corre&ion  by  Obfervation 

Corrected. 
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\ 

>  The  2?d  of  January  17 32.  Frefb  Gales  with 
fmall  Showers  of  Rain,  a  gre<u  Sea  hem  Ci.e  h'NE 

*  '  A  - 

Since  the  1 9  h  Inftant  (  the  la  ft  Pay  of  Obfervation) 
to  this  Day,  l  find  we  are  more  foutherly  34  minutes 
than  by  Account;  and  (with  refpvft  to  the  NNE  Sea) 
more  weftetly  14  Minutes  in  Meridional  Diftance,  vvhich 
makes  17  Minutes  in  Longitude 

■  y, 

Oar  Courfe  and  Diftance  corre&ed  by  a  good  Ob** 
farvation  is  S  qd  IV  or  S\W,  178  Minutes,  with 
Latitude,  Meridional  Diftance,  and  Longitude  as  here 
under. 


d.  m. 

Zenith  Diftance  *302  5. 
Sun  s  De.ltnat .  ld.40  S. 


d  m, 

Mag,  Amfl  17  4°  W  3 

7  rue  AmfL  — ■  31.00  W  S 


Lat  byObfstvat.  36.21  N. 

\  j  •  • 


Variation  * — — 1 3’ 20  W 


Depart*  in  Mm. 

~~E  W 

J Latitude  by  1 

Account  in  ' 

. 

<j>3« 

0 

"Meridional 
Ditfance  m 
deg.  and  min. 

Longitude  by 

Acconnt  in 
deg.  and  min . 

36.56  N. 

09.03  w. 

1844  W. 

14.1  |  00.34  s 

00.14  w 

00  17  W 

I4_£  i  $6*22  N. 

09  17  w. 

19.01  w 

Afternoon 
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he  Explanation  ff  the  proceeding  Journal 

IN  this  journal  in  the  upper  Part  representing  the  Log-  Book,' 
there  are  five  Columns,  and  in  the  lower  part  there  are  twelve 
Columns  *  all  which  have  been  described  in  the  Directions  immedi¬ 
ately  before  the  Journal  (in  page  266 .)  The  Bufinefs  now  is  to  ex¬ 
plain  the  Manner  of  proceeding  in  this  Journal,  and  that  is  thus. 
The  firft  Page  of  the  Journal  (in  Page  274)  contains  the  Log- 
Board  for  the  firft  Day  after  our  departing  the  Lizard,  whicn  was 
0  the  16th  of  January >  1732,  at  Noon,  the  Lizard'  oore  N .  1  o  Mi¬ 
nutes.  Diftance,  &=c  as  in  the  Journal  (Page  2.74)  you  may|ec. 
r,  ,  /  ,  r,,*-  Wcnff.  t-Kp*  Wcek-Dav  isexprefledby  a  ( 


Sunday 
Monday 
Jit  ef day 
JVednefday 
Jhurfday 
Friday 
Saturday 


(-;  But  becaufe  the  Week-Day  isexprel.cd.by  a  Cna- 
l  radfcer,  which  may  not  be  underftood  by  every  one, 
g  (tho’ its  convenient  lb  to  write  them)  you  have  here 
0  'the  Week-Days  with  their  Characters 


11  1  And  becaufe  the  Lizard  did  bear  North  18  Minutes 
2  Diftance,  therefore  make  the  Courfe  South,  and  place 
Saturday  h  18m  in  the  Column,  under  Diftance,  &V,  then  t he  Dif¬ 
ference  of  Latitude  is  18m  which  accordingly  place  in  tuehouthCa- 
lumn,  and  fubtraft  it  from  the  Lizard  Lat.  5  od.  ocm  the  Remaim  er 
49  d  42m  is  the  Lat.  the  Ship  is  in,  at  parting  fight :ot  Land, vouch 
accordingly  is  placed  in  the  Column,  under  Lat*  byAccount,^.  And 
in  the  laft  Column  becaufe  the  Courfe  is  South,  place  tne  Longitude 
nf  the  Lizard  sd  24m  Weft,  and  all  that  Day  is  done. 

Then  from  the  16th  Day  at  Noon,  to  the  17  th  Day  at  Noon,  you 
have  the  Courfes  and  Diftances  for  every  two  Hours ;  with  the  Wind, 
and  Weather,  as  they  are  taken  from  the  Log-board  ;  ^  a11.  otjS 

Circumftanc.es  attending  are  there  expreffed;  for_the  l  articulars 

whereof,  I  refer  to  the  Journal  it  felf,  in  Page  a,*  The  leveral 

Courfes  and  Diftances  of  this  Day,  may  be  reduced  to  three  Coures. 

Thus,  JheWorkcf  C  the  11  th  of  January,  1752.  being  the  f'ft 
Sailing ,  in  the  -proceeding  Journal,  to  Page  274- 


H 

Firft  4  W  S  W 
6  The  fame 
8  The  fame 
12  The  fame 
2  The  fame 
4  The  lame 
6  The  fame 
10  The  fame 
12  The  fame 


K 

5 

5. 

5 

6 

6 

6 

6 

6 

6 


F. 

6 

5 

5 

1 

I 

3! 


II. 

Secondly ,  2  WbyN 

That  is  W  by  N 

J hirdly,  i  oS  W  by  A 
8  The  fame 

Summed  up  is  — 


KF. 

5 


io 

1 

6 


s 

l 


II  5 


Courfes 

vCsW 

w  by  N 


Summed  up  s  53  ijSwb  W 

•  TTfOtTT  /  _  '  7"S  *  n  _ 


Difi\ 

N 

s 

L 

W 

I06.2 

40,6 

98.1 

IO.4 

2  0 

' 

10.2 

23.0 

12  P 

19  1 

1396 

53  4 

2  c 

Oep.  127.4 

Difference  of  Latitude  51,4 


Thea 
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As  Diff.  Lat  ••  Dep. : :  Radius  •*  T-  Courfe 

As  m  5"i.ri**nn.i2  7  A  :  :T-4  5a.  ••  T.68d.om.(S»W.ly,)or  WSW 

Then,  As, Sine  Courfe  ■*  Depart.  ::  Radius  Diftance* 

As  S.  <>8d.  corn.  ••  m.i  27.4  :  :  S  pod.  *•  m  1  37.4 
So  that  the  Courfe  made  goad,  is  S.<$8d  oom  Wefterly  or  WS 
W  neareft,  and  the  Diftance  137  Min.  4  f  enths  3  which  place 
in  their  proper  Column?,  as  may  be  feen  in  the  firft  Day  of 
the  Journal,  at  the  Foot  thereof  in  Page  2  74. 

The  Difference  of  Latitude  m.  5  r  ,  ~  for  r.eareft  51  Minutes) 
being  Southerly, fubtradf  from  49ft  4£tu  the  Latitude  at  part¬ 
ing  fight  of  Land,  the  Remainder  48  ft.  5  tm.  place  under 
Latitude  by  Account,  for  the  Latitude  the  Ship  is  now  in. 

_  dgain,  The  Departure  117  —^Minutes  being  reduced  in  De- 
greesmaketh  2d.  07m.  Wefterly,  which  place  in  the  Column 
under  Meridional  Diftance,  in  Page  275. 

*  LaCly ,  To  find  the  Longitude  the  Ship  is  now  in,  you  have 
both  Latitudes  49d  42m  and  48ft.  51m.  the  prefentLatitude^ 
and  the  Latitude  of  the  Day  before,  with  the  Departure 
min.  1  27.4,  by  which  is  found  the  Difference  of  Longitude  ac~ 
cording  to  Chapter  4  Seftion  4.  Problem  5.  of  Mercator’s  .Sailing, 
in  Page  9 5,  and  97,  where  the  Proportion  is  thus  ; 

As  the  Difference  of  Latitude,  is  to  the  Departure:  So  is.the 
Meridional  Difference  of  Latitude,  to  the  Difference  of  Longi¬ 
tude  d.  m.  *  Min. 

£r  £  4942  £  Mend  P.nJ’W  )  found  in  tbeTable 
2)  l7iLat  2  48  5rSMefKl’  1^09  -  of  Meridional  Ft*, 

The  Meridional  Difference  of  Latit  ude  78.  Then  fay, 

As  5 rm.T^  ••  m.  1 2 7,1:;  m.78  ••  193m  or  3d.  13m  Wefterly, 
which  being  added  to  the  Longitude  of  the  Day  before  5d. 24m 
the  Sum  8d,  37m  W.  is  the  prefent  Longitude, which  place  in 
the  laft  Column  of  that  Journal6.  Then  thcDay’s  Work  is  finish’d 
Then,  from  the  17th  Day  at  Noon,  to  the  i8thbayatN  >ort 
(in  the  two  next  Pages  of  th tjlournal)  theCourfes  and  Diftances 
for  every  two  Hours;  the  Wind  and  Weather  with  other  Cir- 
cumffances  attending,  taken  from  the  Log-Boardy  are  fet  down  5 
for  the  Particulars,  fee  the  Journal  in  Pages  27 6  and  277. 

Now  the  feveral  Courfes  and  Diftances  of  this  Day  are  re¬ 
duced  thus  : 

The  Wo  \  °f  $  the  18 th  of  January  1752,  the  fecond  Day^s 
Sailing  in  the  pteceeding  Journal,  in  Pages  276  and  277. 


Fir  ft 


T 


2  go  tfhe  journal  Explained 


Hf 

Firfi ,  2.1  WSW. 
io  The  fame 
iz' 


K’F. 
6 


z 

6 

8 

io 

i*l 


Secondly. 


H.| 

,4 
6 


SW 

K. 

6 

The  fame 

5 

• 

1  ~~ 

Chap.  XIL 

F. 


That  is  S.  W.- 


8 


__*I  l.» 


Summed  upjis  54  *1 


thirdly,  SlSWbyW. 

4  The  fame 

2  Summed  up,  is  - - 

£That  is  S  W  by  W.~  2.7 


That  is  WSW.  108.  2 

So  that  the  Courfes  of  this  Day  are  thefe.  WSW.m.iO"  z  SW 
tn.  2  .3  6  and  S  W  by  W.m  i  7.8,  and  by  Chapter  3 .  SeBion  4  of  Plain- 
Sailing,  in  Pages  64  and  65,  may  be  reduced  into  one  Courfe  as  fob 
loweth 


j  Courfes  J 

Difi. 

N  . 

S 

E. 

W  j 

JVSJV 

108.2 

41 5 

1000  j 

1  SIV 

236 

16  7 

167 

S  Why  w\ 

*7 

154 

Diftance  J 

1596 

Lat. 

78 

Dep. 

139. 3  i 

AsDiff  Lat  •*  Dep: :  Radius  -  T  Courfe. 

Asm  7 3.6  ••  m  t 39  8::T.45d. ••  T.  6zd.  15m.  South  Wefterly,  or 
SW  by  Wi  W. 

As  S  Courfe  ••  Departure:  : Radius  ••  Di fiance. 

As  <5zd  15m.  ••  m.  15  9.8  •  *•  b  9od.  ••  158  Minutes. 

The  Difference  of  Latitude  is  m  73d  S  and  the  Depart  111139.8 
Weft,  makes  the  Courfe  S  6zd  15m  W  or  S  W  by  W  {  W.  and 
the  Diftance  158  Minutes;  which  place  in  their  refpe&ive*  Columns 
in  the  journal  for  the  Day  propofed,  in  Pages  2  7 6  and  277. 

Then  t;he  Difference  of  Latitude  m  73.6  or  id  14m.  being  fub- 
tra&ed  from  the  Latiude  the  Day  before,  4M51111  the  Remainder 
47 d  37m.  place  under  Latitude  by  Account,  for  the  Latitude  the 
Ship  is  now  in,  fee  Page  277 

And  the  Departure  m  139.0  near  140  Minutes,  or  2d  20m.  being 
added  to  (becaufe  it’s  Weft,  had  it  been  Eaft  it  fhould  have  been 
fubtradted  from)  zd  07m  the  Meridional  Diftance  the  Day  before, 
and  it  makes  4d  27m.  Weft,  for  the  Ship’s  whole  Meridional DL 
fiance  from  the  Lizard  ;  which  place  under  its  proper  Title,  in 


Page  277. 

Laftly ,  To  find  the  Longitude  the  Ship  is  now  in,  you  have  the 
Latitude  4Sd.  51m.  and  4-d.  37m.  the  prefent  Latitude,  and  the 
Latitude  of  the  Day  before,  with  the  Departure  m.  139.8,  by  which 
you  may  find  the  Difference  of  Longitude  in  this  manner. 


2)  17 


Cbap  XII.  ,  The  Journal  Explained  iyl 

d  m  Min 

»fcrP” 

The  Meridional  Differ  of  Latitude  ii2t  And  then  lay, 

As  m  7  3  6  ••  199*8  ::  112m  ••  01213  or  3d.  33m,  Wefterly, 

which  being  added  to  the  Longitude  of  the  Day  before,  8d  3  7  m.  the 
Sum  1 2d  10m  Weft,  is  the  prelent  Longitude,  which  place  in  the 
laft  Column  of  the  Journal,  in  Page  277;  and  the  fecotid  Days  Work 
is  finished. 

Again,  In  the  two  next  Pages  of  the  Journal, is  the  Coufles,  Di- 
ftances,  Winds,  &c.  taken  off  the  Log-Board  from  the  1 8th  Day  at 
Noon,  to  the  19th,  which  are  wrought  as  follows. 

rfhc  Work  of  $  the  19th  of  January  1732,  the  third  Days  Sail¬ 
ing  in  the  proceeding  Journal. 


Courfes  f 

Dift 

N  ' 

s  1 

E 

W 

SWhylV  | 

str  1 

12.6 

168.2 

7*°  I 

11S9  1 

10.5 
iff  9. 

Diftance 

180.8 

Diff  Lat 

125.9 

Dep 

1294 

AsDiffLat  ••  Departure :  .•  Radius  ••  T.  Courle  ^  ^  -  . .. 

Asm. 25.9  •*  m  129.4  :  :  T  45d  **  T  45ft  47m South  or  0  Vv  ts 

the  Courle 

As  S.  Courle  *•  Departure  : :  Radius  Diftance.  _ 

AsS.4)d47m  ••  Min.  1294  ::  S.  9cd  ••  180.5  Minutes 

By  the  Work  above  it’s  evident,  that  the  Difference  of  Latitude  1$ 
m. 125.9  South,  the  Departure  m  i294Weft,  which  makes  the  Courle 
S  45d  47m.  W  or  S  W  and  the  Diftance  Li  Minutes,  which 
place  in  the  refpedtive  Columns,  in  the  Journal  for  £  |he^i9th  of 
January,  in  Page  278  and  279. 

Then  the  Difference  of  Latitude  m.  125  9,  or  near  126  Minutes 
is  2d.  06m  South,  which  fubtracf  from  the  Latitude  of  the  Day  be¬ 
fore,  47d  37m.  Remainder  is  the  Latitude  by  Account,  the  Ship  is 
nowin  45b  gimN  which  place  in  the  10th  Column,  in  Page  279., 
And  the  Departure  129  Min  or  2d.  9m.  Weft,  being  added  to  4<i. 
2  7  m.  the  Meridional  Diftance  of  the  Day  before,  makes  6d  3  6m  Weft, 
the  whole  Meridional  Diftance  by  Account  from  the  Lizard,  which 
place  in  the  1  ith  Column  of  the  Journal,  in  Page  279 

A  nd  now  having  both  Latitudes  47  d  37m  and45'd  3Im*.  tne 
Departure  m.i  294 ;  by  them  find  the  Difference  of  Longitude,  thus ; 

*  1  ®  X  Lat  j47d.Vm9Merid.PamJV5-Mm.(  found  in  the 
5  19S  31  c45^3im*S  £3074  Mm.  ■>  i  able  of  J\lc- 


The  Meridional  Difference  of  Latitude 

Ti 


T  V ' 

I  o  - 


As 
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Asm.115.9-  m.129.4::  185m’-  189m.  or  5  ft.  09m  Weft  is 
the  Difference  of  Longitude,  and  being  added  to  the  Lon- 
pitude  ot  the  Day  before,  1  2d.  10m,  the  Sum  1  5d.  1  prn.  is  the 

Longitude  (by  Account)  the  Ship  is  now  in  5  which  place  in 

the  iaff  Column  of  the  journal ,  in  Page  279  :  and  this  Days 
Work  (as  to  the  Account;  or  Dead  Reckoning)  is  finiftied. 

But  on  the  (aid  19th  of  January  at  Noon,  by  a  good  Obfer- 
vation  ot  the  Sun,  1  find  the  Latitude  45d.  07m.  N.  whereas 
by  the  Reckoning  or  Journal,  the  Latitude  is  4sd  ^imNortb, 
their  Difference  is  24m.  houth,  that  is,  the  Ship  by  Obferva- 
tionis  24m.  more  Southerly  than  by  the  Reckoning. 

Wherefore*  to  Corred  the  Latitude,  place  24m.  in  the  S. 
Column’  and  add  it  to  the  Difference  ot  Latitude  m.  125.$, 
it  makes  min.  1 49  9  for  the  Corrected  Difference  ot  Latitude  : 
Alfo  fubtrad  it  from  45c!.  5  iffl.  the  Latitude  by  Account)  to 
makedt  agree  with  the  Obfervation,  as  you  fee  is  done  in  the 
journal  for  the  Laid  19th  Day,  in  Pages  278  and  279. 

Then  to  Corred  the  Departure,  confider,  according  to  the 
9th  Rule  in  the  Diredions  for  keeping  a  journal ,  preceding  it 
in  pave  269,  whether  there  be  a  Current  or  no,  and  confulting 
the  Written  journal  I  find,  "A great  Sea  after  fitting  towards 
“  the  S  S  W.  for  thefe  three  Days  pad  •  which  I  take  to  be  the 
Caufe  of  this  Error  of  24m.  in  the  Reckoning  Latitude.  And 
therefore  (by  Chap .  Se R  3.  Prob,  2.  of  Plain  bailing)  & nd 
fdvat  Departure  a  SSW  CourL,  with  Difference  of  Latitude 
24m.  will  make,  which  is  thus.  . 

As  S.  6  Points  -  24m  :  :,S.  2  Points  ••  rr.  9.9  theGorredion  m 
the  Departure  j  which  place  in  the  Weft  Column,  and  add  it  to 
the  Departure  m. 129.4,  it  makes  m  1^9*3  for  the  orreCied 
Departure;  Alfo  add  it  to  6d.  36m.  (the  Meridional  DiHance 
by  Accountin’:  makes  6d.  46m.  the  Correded  Meridional  DL 
fian  e;  as  you  fee  in  the  1  tth  Column  of  the  journal  in  Page 
279.  ’And  to  Corred  the  Longitude  by  the  r 7th  Rule  for 
keepino  a  journal ( in  Pages  2?oand  271)  is  thus: 

d  m  Min. 


Lat.  by 


found  in  Table 
Merid.  Parts 


Corredionin  Latit  24  Mer  Diff.  I  at  24*  Then, 

As  2  4min.  ••  min  9  9  • :  25  Min*  ••  14  M  in.  the  Cor  re  dion  in 
Longitude  Weft,  which  beh  g  placed  in  the  laft  Column ^ 
and  added  for  that  by  the  Second  Cafe  of  the  13th  Rule  pre- 
seeding  the  journal ,  in  Page  270,  the  Ship  hath  out-run  the 
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Reckoning)  £015  deg.  19  mm*  the  Longitude  over  it,  the 
Sum  15c!.  33m.  write  underneath,  which  is  the  Correfted 
Longitude  tne  Ship  is  in. 

Laftly,  To  find  the  Courfe  and  Difiance  agreeable  to  the 
Corredion  byQbfervation;  you  have  the  Corrected  Difference 
of  Latitude  and  Departure^  which  according  Chapter  3*  SeBion 
3  Problem  6  of  Plain-Sailing ,  in  Page  6 3,  is  thus  J 

As  the  Corrected  Difference  of  Latitude,  is  to  theCor  reeled 
Departure,  So  is  Radius,  to  the  Tangent  of  the  OourieCor- 
retied.  That  is  5 

As  m  149-7  ••  m  i*?  9. 3  :  :T  45<L‘*  T,  4^.5903  South  Wefi> 
eriy,  or  W  by  S  f  W.  And  then, 

As  the  S  Oautfe  ••  Departure :  ^Radius  ‘  Diftance, 

As  S.  j.2 d*  59m.  ••  01.139;  :  :S*9.od  ••  204  m.  CorrefledDift. 
So  that  the  Courfe, and  Diftance  Corrected  by  Obfervation 
is  SW  by  S  |W.  *04  Minutes,  which  write ir.  the  Journalior 
the  faid  Day  in  Page  279.  Then  the  whole  is  fimfhed,  arvd 
the  Reckoning  fet  to  rights  for  that  time. 

And  now,  having  largely  (hewed  the  manner  of  thefe  three 
DaysSailing,  how  they  are  wrought^and  plac’d  in  then  proper 
Column  s  in  the  Journal, w  ith  anExample  of  a  Corretf  tonbf  eeleftied 
Obfervation •  I  leave  the  reft  to  the  diligent  Learner  sPr attics,  for 
they  are  done  after  the  lame  manner:  And  the  23d  of  January 
you’ll  meet  with  another  CorreBion  for  your  Trial,  which  you 
may  perform,  if  you  ftudioufly  compare  this  ore  Example  with 
the  preceeding  Rules  and  Directions,  and  with  frequent 
Practice, will  fufficiently  enlighten  the\Vay9the  Manner  how, 
and  the  Means  whereby,  to  keep  a  Sea  Reckoning  or  journal 
(in  thiseafy  and  commodious  new  Method)  with  greater  cer¬ 
tainty  than  hath  hitherto  been  Taught. 

And  to  invite  all  to  keep  their  Seajournals  after  this  NewM 
thod, which  I  dare  prefume  will  nearly  quadrate  with  theForms 
praeftifed  by  the  Ingenious^!  have caufed'i^jfw  Books  tobeRuled 
®  and  Intituled  (in  all  refpe£ls)  like  to  the  Journal  beforegoing. 
Which  you  may  befurnifhed  with  at  Reafonable  Rates, by 
Jayne's  Jtktnjon,  near  Cherry-Gardtn-Stairs ,  on  Rotherhith  Waif 
and  r.  Page,  and  W.  Mount, at  Poftern-Row ,  on  Tower-Hill. 

Here  follows  fever  al  T  A  B  L  E  S  ujefttlin  Navigation 
with  their  Defcriptions  and  Ufes  briefly  and  fully 
explain'd. 

Io  A  Table  of  the  Difference  of  Latitude  and  Departure  from  the 
■  Meridian* 

T  5  Il»  A 
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IL  %  Table  of  Merrlional  Parts,  for  the  making  Mercator's 
Chart,  and  the  working  Queftions  jn  that  kind  ot  Sailing. 

Ill  A  Table  of  Proportional  Parts,  for  fuppl.ying  every 
IVlinute  of  Latitude  in  the  Table  of  Meridional  Parrs. 

IV.  A  Table  of  Logarithms  from  i  to  io  ooo. 

V-  A  Table  of  Arterial  Sines,  Tangents,  and  Secants  to  eyery 
Degree  and  Minute  of  the  Quadrant,  the  Radius  being  10.000000 
VI.  A  Table  of  Angles  which  every  Rhumb  (or  Point  of  the 
Compafs)  maketh  with  the  Meridian. 

All  of  them  carefully  Corrected,  and  exaffly  a  rioted* 


Chap.  I*  The  Explanation  and.  general  Ufe  oj  the  Table  oj 
'  Logarithms ,  andTahk  of  Sines, ,  Tangents  and  Secants. 

THE  Table  of  Logarithms  being  of  more  general  Ufe  than 
any  other,  I  begin  with  it,  although  it  be  one  of  the  laft 

Se&ion  i.  T be  Ufe  of  the  Table  of  Ten  Thoufand  Logarithms, 

beginning  at  Page  315.  . 

THIS  T able  hath  its  firfk  Page  divided  into  nx  Columns, 
and  all  the  following  Pages  into  le ven  Columns, and  con- 
taineth  the  Logarithms  for  all  Numbers,  increafing  in  their 
Natural  Order,  from  i,to  » 0,000  ^  after  this  maimer. 

I.  The  Fir  ft,  Third  and  Fifth  Columns  of  Page  9  1 5 ,  contain- 
eth  Numbers,  encreafing  in  their  Natural  Order,  from  1,  to 
ioo*  the  other  three  Columns  contains  the  Logarithms  ot  them. 

f The  Left-hand  Column  of  each  following (from page 
a  1 5  to  Pave  3  57  contains  Numbers  encreafin*  as  before,  trom 
100,  to  999%  the  next  ftveColumns  of  each  Page,  contains  the 
T  oparithms  of  all  Numbers  from  lopo,  to  999  9;  Thole  on  the 
I ^etlhand  Page  are  diftinguifhed  at  the  Top  with  the  Figures 
Jfl|2|5l4,  thofe  on  the  Right-hand  with  thefe  Figures,  j|6 

7l^Thc  Numbers  in  the  Lefth^nd  Column,  (underN«m)  in 
each  Page,  with  the  connefting  thofe  Figures  at  theTop  ot  the 
other  Ten  Columns,  are  extended  from  i°°o  Mto  wp- 
4  The  laft  Colnmn  of  each  Page  under  Diff.  at  the.  lop 
contained  the  Difference  of  the  Logarithms. 

The  manner  of  Reading  them,  and  their  general  Ule,  Ihail 

be  explained  in  the  following  Proportions* 

Proportion  l.  4  vfb^lf  Number  under  100,  being  given  *  to  pnd 

the  Logarithm  thereof.  l'  .  , 

Tl*  Mule.  Turn  to  the  Table  pf  Logarithms,  and  in  theFir  » 

ait!"  >  *  ’■  '  y  OltfCL 
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Third,  or  Fifth  Column,  of  Page  3  1 5,  under  (Numb  )  at  the 
Top,  look  for  the  given  Number,  and  in  the  next  Column 
under  (Logar.)  is  the  Logarithm  fought. 

Exavnp.Suppo/e  the  given  '-Number  ivere  19  5  hVhat  is  its  Logarithm  ? 
Look  in  the  firft  Column  of  Page  3 1 5,  under  (-Numb  )for  19, 
and  in  the  next  Column,  under  (Logar.)  is  1  2 78754,  which  is 
the  Logarithm  of  19:  After  the  fame  manner  you  will  find  the 

r  2  r  o  301030 

\  to/  1  \  1  000000 

Logarithm  of  “)  45  r  to  be  7 

C  I  00  J  v  2  OOOOOO 

Note  1.  In  every  Logarithm,  the  firft  Figure  (to  the  Left- 
hand)  is  called  the  Charadferiftic  Index,  or  Noting  Figure,  and 
it  ferveth  to  fhew  how  many  Places  the  Abfoiute  or  Natural 
Number  (thereunto  belonging)  doth  confift  :  For, 

2.  The  Charadleriftic  or  Index  of  every  Logarithm,  is  a  U- 
net  lefs  than  the  Number  of  Places  in  its  correipondent  Abfo¬ 
iute  Number.  Thus, 

All  Numbers  from  1  to  jo,  the  firft  Figure  of  their  Loga¬ 
rithms  is  o  3  from  10  to  100,  is  1  :  from  100  to  1000  is  2  3 
from  1000  to  io.ooo,  is  3;  from  10000  to  100.000,  the  Cha- 
rafferiftic  or  Index,  of  their  Logarithm  is  4, 

Proportion  2,  A  Number  that  con  jiffs  of  three  Places,  being  gi¬ 
ven?  to  find  its  Logarithm, 

The  Rule  Seek  the  given  Number  in  the  firftColumn  (of  the 
Left  hand  Page)  under  {Numb)  at  the  Top;  juft  againft  that 
Numberandin  the  nextColumn  (sunder(o)at  theTop,  you  will 
find  aNumber  of  6  Places  befides  th elndex  Figure  correfpondcr.tf 
to  the  givenNumber;  that  intireNumber  is  theLog«rhb»»fought 
Example  I de fire  to  know  the  Logarithm  belongeng  to  the  Ab* 
folute  Number 215  ?  * 

In  the  firft  Column  of  Page  320  under  (  Numb  ) 'you’ll  find 
215,  and  right  againft  it,  in  the  next  Column  under  fo)  at  the 
Top,  is  .332438,  befides  2  the  Index  Figure  proper  for  215^ 


In  like  manner 
thp  Logarithm  of*j 

I 


**•5  .1 

1  552458 

2.15 

0.322438 

0.2  r  5 

1.332438 

0.559  VJs  « 

|  1.567026* 

3  69 

0.567026  / 

55.9 

1.567026  r 

3 69-  j 
T* 

Lz  5 <*7 Old. 

In  Page 
3^.* 


Htn 
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i 


Here  Note.  That  when  the  given  Number  is  a  Decimal  Fra¬ 
ction,  the  Index  hath  a  dafh  over  it,  which  by  Tome  is  called 
a  Negative,  being  its  the  Index  of  a  Logarithm  ’whofe  corre- 
Ipondent  Abfidute  Number  is  lefs  than  an  Unite.  * 

Propofition  3.  A  Number  con  fifing  of  four  Places  given  3  to 
find  the  Logarithm  thereof. 

Ihe  Rule.  Seek  the  three  firft  Figures  of  the  given  Number 
in  the  Left  hand  Column,  under  {NumP)  and  the  Fourth  or 
laft  Figure  at  the  Top  3  then  in  the  common  Angle  of  Meet¬ 
ing  is  a  Number  of  iix  Places  (befides  the  IndexFigureJ  before 
which  if  you  place  or  perfix  its  proper  Charefleriffic  or  Index, 
you’ll  then  have  the  Logarithm  fought. 

Example,  What  is  the  Logarithm  0/2157  ? 

In  the  Left-hand  Column  of  Page  (32.0)  under  {Num.)  find 
2.15,  and  7  at  the  Top  of  Page (32 1  ;  then  right  againil  (21  5) 
and  under  7  you’ll  find  fbefides  its  Index  Figure)  333850  3 
before  which  perfix  its  proper  Index  3  and  it’s  3, 3 3 38 50,  the 
Logarithm  ot  2157.  In  like  manner, 


215  7 
'  2M7 
2*57 
02157 
0.02157 

the  Logarithm  of ^  0002157 

003695 

0.3695 

5*695 
5M5 
1 3  69  5 

Fropofition  4.  A  Logarithm  being  given-  to  fmd  the  slbfolut? 

Number  thereunto  belongings 

This  is  but  the  Converfe  of  the  former  Propofitions^  and 
therefore  according  to  Chap.  i.  Prop.  x.  Sett. 3.  Note  2.  in page 295; 

The  Rule  isi  1.  The  Chara&eriftic  or  Index,  will  declare  of 
how  manyPlaces  iheCorrefpondentHbJoluteNumberdQth  confifl 
2.  For  it  the  Index  be  (ojor  (x)  feek  the  given  Logarithm 
In  Page  31  5,  of  the  Table  of  Logarithms  3  and  when  it’s  (2) 
feek  it  in  the  following  Pages  after  Page  3x5.  But  when  it’s 
3,  4,  or  5,  e?r.  reject  the  Index,  and  feek  the  remaining  Fi¬ 
gures  among  the  Logarithms  as  before^  and  the  Number  a- 
gainif  it s  is  the  Number  fought. 


f2. 33385O 
I.33385O 
0.333850 

^  L55385Q 

|  2.2338)0 
}>  is  <j  3.333850 
2,557614 
.1.567614 
o  557614I 
1.567614 
^•2.567614 


In  Pagi 


1  o 

?  -  y 
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Example.  Let  the  given  Logarithm  be  0.698.970.  What  is  the 

/zbjolute  Number  belonging  thereunto  ? 

This  Logarithm  o.^ 897c,  you  will  find  in  the  feconvl  Co¬ 
lumn  of  Page  ?i  5,  under  (Logar  )  at  the  Top,  and  right  againft 

it  m  the  Left  hand  Column  there  is  (5  j  which  is  the  Abioluie 
Number  i ought.  J 

Example.  2.  /  demand  the  Sfohite  Number  Correffondent  lathis 
Logarithm  1655212? 

Look  down  the  fourth  Column  of  Page  915,  and  you’ll  find 
?  *6  5  9  -  *  2  under  {  Logar.)  to  fland  againff  45  under  (Nuns') 
which  is  the  Number  required.  ■  'J 

Example  9  yd': at  ij  the  A b folute  Number  anfmerable  to  this 
I  ogarirhm  2.992498  ? 

The  Coarafferiflic  or  Index  2,  fheweth  the  Number  fought 
doth  confift  of  three  Places 3  and  in  the  fecond  Column  of  the 
Left  hand  Page  under  (o)  at  the  Top  3  in  Page  (320)  vou  will 
find  the  forefaid  Figures  2.99249810  ftand-againft'f ,  in 
the  firft  Column,  under  <Num-j  therefore  the  given  Number 

fought  is  215. 

Example  4.  Suppofe  the  given  Logarithm  be  3.3.33850.  What 
ij  the  Abfolute  Number  agreeable  thereunto  ? 

Rejea  3  the  Index,  which  declareth  the  Number  fought 
confifts  of  four  Places3  and  then  looking  down  the  fecond 
Column  of  the  Left  hand  Page,  and  you  will  in  Pag. 
find  the neareft  rejecting  the  Index’s  ( being  lefs  than  .’33 ’g  50 
the  given  Logarithm;  to  be  .33  2438,  and  the  Number  a.’amfi 
it  in  the  Left-hand  Column  is  f2i  j)  3  then  look  crof,  the  Pa¬ 
ges  in  the  fame  Line  di reel  towards  the  Right-hand  Iron  the 
hid  215,  and  under  7  at  the  Top  in  Page (32,)  you  will  find 
the  given  Logarithm  .3338  50,  therefore  2 1 5  in  the  Left  hand 
Column  and  the  7  at  tne  T  op  being  put  together,  makes  2157 
the  Number  required. 7  <  '  *  J  1 

Sefiion  II.  The  XJfe  of  the  Table  of  Artificial  Sines,  Tangents, 
and  Secants,  beginning  m  Page  358. 

'J'HIS  Table  followeth  next  after  the  Table  of  Logarithms,  and 
contains  the  Logarith metical  Sine ,  Tangent  and  Setant  of 
every  Degree  and  Minute  of  the  Quadrant,  after  this  manner, 
_J* ?very  Pageis  divided  into  8  Columns:  the  firftand  laft 
©t  which  contains  the  Minutes  of  every  Degree,  and  the  other  • 
the  Loganthmetical  6me3  Tangent  and  Secant  of  thofe  Degrees 
und  Minutes?  $ 

I  It  *  -  .  *  ? >7  *  •  *  •fj>  *  , 

z.  The 


a?8 
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4  Lett-  i.  .  ~  .  .  -  -  funder; 


The  \  hand  Cokmn  °f  each  clover*} 


Min, 


at  the  *r  ?ea<^  Uf  the  Table  containeth  the  Minutes  of  thofe 
?  root  ) 


Degrees  which  are  ^  j*  than  45,  and  increafe  in 

**$  ^fcent  f  |  ^r°m  °  t0  ^nutes 

The  Explanation  is  in  the  Propofitions  following. 

Propofltion  5*  To  find  the  Sine,  Tangent,. and  Secant  of  any 

Degree  and  Minute  given. 

The  Rule,  If  the  Degree  be  ->  ^fore  Vthan  45,  Its  found  in 
thole  Columns  which  have  the  Words  Siney  Tangent ,  Secant ,  at 

the  ^  J*  Table 

Example  1.  I  demand  the  Sine,  Tangent,  and  Secant  of 

25  d,  1  5m.  * 

Look  for  2  s  Degrees  fin  Page  408)  at  the  Head  orToporthe 
Table,  in  the  firft  Column  (of  the  Left-hand  PageJunderfMiw-J 
at  theTop,  look  downward  for  15?  again  ft  which  and(ftn  Page 
4o8)under(6,iw0you  fliall  find  9^29989,  which  is  the  Sine  of 
25ft  1  Alfo  againft  15,  and  under  Tang,yo\i  have  9.673602, 
the  Tangent  of  25ft.  15m.  Likewife  againft  15,  and  under 
Secant ,  you  have  10,04^613,  the  Secant  of  z5d.  1 5m. 

Example  2.  Suppoje you  are  to  find  the  Sine,  Tangent,  or  Se¬ 
cant  of  33d,  45m.  ,  TT .  ,  r  1-  rr  U1 

Turn  to  33  Degrees  (in  Page  424)  atthe  Head  of  the  I  able 

and  in  the  firft  Column  upon  the  Right-hand  Page  under  {Min.) 
at  the  Top  (of  Page  42  5 )  find  45  5  right  againft  which,  and 
under  (Sine)  at  the  Head  of  theTable  (in  Page  42  5)  you  lhall 
find  9.744799  which  is  the  Sine  of  3  3d.  45m-  again^ 

45,  and  under  (Tang)  you’ll  have  9.824893.  the  Tangent  of 
33d  45m.  Likewife  againft  45  and  under  (Secant) is  10.0801 54, 
the  Secant  of  33d.  45m. 

Example  3.  Let  h  be  required  to  find  the  Sine,  Tangent*  or 

Secant  of  5  6d.  15  m,  c 

Seek  56  Degrees  (in  Page  425)  at  the  Foot  or  Bottom  ot 

the  Table,  and  in  the  Right  hand  Column  ot  ( Page  425)  °‘ 

ver  (Mw*)  at  the  Foot  of  the  X  abiej  look  upwards  for  155 

theia 
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then  againft  15,  and  over  Sine  fat  theFoot  of  the  Table)  you 
have  9  91  984I,  the  Sine  of  5^d  15m.  Alfo  againft  15,  and 
over  (Tawg.)  you  will  find  10175107,  the  Tangent  ot  56ft. 
15m.  Likewife  againft  15  and  over  (Secant)  you’ll  find 
10.25  526  f.  the  Secant  of  5<5d  1  5m. 

Example  4-  Sufpofe  it  were  required  to  find  the  Sine,  Tangent 
pr  Secant  of  6  yd.  51m. 

Turn  to  6  7  Degtees  at  the  Foot  of  the  Table,  (in  Page  402) 
and  in  the  Right-hand  Column  of  that  Page  over  min.  at  the 
Foot  of  the  Table,  look  upwards  for  515  then  againft  5  iy  and 
over  (Sine  in  Page  402 )  you’ll  find  the  Sine  of  yd  5  im  to  be 
9*9667 05  }  and  the  Tangent  in  the  fame  Line,  over  (Tang)  to 
be  10.390;  16:  Alfo  the  Secant  to  be  1042  3621. 

Propofirion  6>  A  Sine.  Tangent,  or  Secant  being  given$  to 
find  the  Degrees  and  Minutes ,  anfwering  thereto. 

And  that  the  Learner  might  the  more  readily  turn  to  the 
Degrees  and  Minutes  required,  let  him  obferve  this  brief 
Rule. 

C  Sine  y  N  Cjlefsp}  9-84047 

A  <  Tang,  iand  the  ift  Figures*'  l  ~T  >10.0000  >its 
C  Secant)  yC  more  3  3  )  10.15053 

Sine  T  j  lefs  ) 

Tang .  >•  (  /  than  45  Degrees. 

Secant  3  more  ) 

Example  1.  Suppofe  it  were  required  to  find  the  Degrees  and  Mi¬ 
nutes  anfwering  to  this  Sine,  9.739205. 

This  according  to  the  precedtngRule,  being  the  Sine  of  lefs 
than  45  Degrees,  1  run  over  the  Columns  which  have  (Sine)  at 
the  Head  of  the  Table,  and  under  3  3  Degrees,  and  againft  1 6, 
(in  Page  424)1  find  the  given  Sine 5 therefore  the  Degrees  and 
Minutes  fought  are  33d.  16'm. 

Example  2.  Suppofe  yGu  are  to  find  the  Degrees  and  Minutes 
correfpondent  to  this  Tangent  10.183 966. 

Running  over  the  Columns  which  have  (Tang.)  at  the  Foot 
of  the  Table,  you’ll  (in  Page  424)  over  5 6  Degrees,  and  right 
againft  47  (Min.)  the  neareft  lefs  to  be  10.183893.  Therefore 
the  neareft  correfponding  Degrees  and  Minutes  are  56d.  47m. 
In  like  manner  do  for  any  other. 

Propofition  7.  To  find  the  Sine  Complement,  Tangent  Com¬ 
plement,  or  Secant  Complement  o  f  any  Degrees  and  Minutes* 


The 
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T he  Rule.  Subtract  thofe  Degrees  and  Minutes  from  90  De¬ 
crees,  and  then  take  the  Sine,  Tangent,  or  Secant,  of  the 
Remainder  according  to  Propofition  5  of  this^  Chapter  m  i  age 
298^  which  will  be  the  Sine  Complement, Tangent  Comple¬ 
ment,  or  Secant  Complement  required.  , 

Example.  Suppofe  it  he  required  to  find  the  Sine  Complement , 
Tangent  Complement ,  or  Secant  Complement  0/3 3d  4  5m- 

Subtraft  33d  45m.  from  90  Degrees,  the  Remainder  5.6(1, 
x  cm,  whofe  Sine,  Tangent  or  Secant,  according  to  Propofition 
5  in  Page  298-  is  the  Sine-Complement,  Tangent  Comple¬ 
ment,  or  Secant-Complement  required. 

Propofition  8.  To  find  the  Sine ,  Tangent ,  or  Secant  of  any  Num¬ 
ber  of  Degrees  and  Minutes  which  exceeds  90 
The  Rule .  Subtract  thofe  Degrees  and  Minutes  from  180  De¬ 
grees,  and  feek  (according  to  Propofition  5*  in  fage  298)  the 
line,  Tangent,  or  Secant  of  the  Remainder  3  which  will  be 
the  Sine,  Tangent,  or  Secant  required. 

Example,  Suppofe  you  are  to  find  the  SmeoJ  i^d.  17m.  . 

Subtract  1 3 2d.  17m.  from  180  Degrees,  the  Remainder  is 
4)d  43m.  the  Sine  of  which  is  the  Sine  required. 


Propofition  9.  To  jin d  the  Complement  Arithmetical  oj  anyLd~ 
garithm  given . 

The  Complement  Arithmetical  of  a  Logarithm  is,  what  it  wan- 
teth  of  10.000000  or  20.000000,  and  is  ufed  to  avoid  Subtra¬ 
ction;  For  finding  it  this  is  the  Rule, 

Take  the  Refidue  or  Remainder,  of  the  firft  Figure  to  9 , 
and  foof  the  reft,  until  you  come  to  the  laft  Figure,  o.  which 
take  its  Remainder  unto  10,  and  it  s  done. 

Example  ifi  l  would  have  the  Complement  Arithmetical  of 
9.625948 

For  the  firft  Figure  9  write  o  ;  for  6S  3  5  for  2,  73  for  5 
4-  for  9,  03  for  4,  5  3  and  for  the  laft  Figure  8  write  2  And 
jfo  you  have  0*3  740  5  2, for  theComplement  Arithmetical  fought 

Example  2.  The  Complement  Arithmetical  of  10.33  13  27  is 
required.  ’ 

For  o  (always  re]e6ling  the  Firft  Figure, when  there  are  two 
Figures  in  the  Chara&erifticJ  write  9  3  and  fo  on  as  befoie  di¬ 
rected  ;  and  then  you  will  have  9.(56867  3 >  which  is  tne  Com¬ 
plement  Arithmetical  of  10.351 327. 


'  ' 
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C  H  A  P.  II.  The  Explanation  and  Ufe  of  the  Table  of 

Difference  of  Latitude  and  Departure  from  the  Meridian) 
in  Pages  $q6  and  3°7* 

T  Ht  Table,  tho’  {landing  in  fo  little  room  as  two  Page?, 
^  will  give  the  Difference  of  Latitude  and  Departure  for  any 
Diftaqce  Run,  under  s 0.000  3  and  for  every  Quarter  Point  of 
the  Compaf. 

The  Courfe  {lands  at  the  Head,  and  Foot  of  the  Table,  at 
the  Head  it  begins  at  f  Point,  and  then  §  Point,  f  Point,  in¬ 
creasing  forwards  to  4  Points. 

At  the  Foot.  ?t  begins  at  4  Points,  and  then  4 1  Points, 
4  §  Points,  4I  Points,  increafing  backward  to  7  J  Points. 

The  Didance  Run  is  placed  in  the  two  outermnft  Columns 
of  each  Page  under  and  over  the  WordD//?.  botn  at  t  he  Right- 
hand  and  at  the  Left-hand,  beginning  at  r,  and  increafing 
downwards  to  10,  about  half  way  each  Page  5  and  then  be¬ 
ginning  again  at  r,  and  from  thence  increafing  to  io,,.at  the 
Foot  of  each  Page. 

The  Difference  of  Latitude  and  Departure  from  the  Meri¬ 
dian,  {lands  under  the  Courfe  at  tne  Head  cf  the  I  able,  and 
over  theJPourle  at  the  Foot  thereof  5  which  are  diftinguifhed 
by  the  Words  Lat-  and  Dtp. 

The  Ufe  of  this  Table  fhall  be  made  evident  in  refolvtng  a 


fingle  Courfe  (which  is  the  fir  ft  Cafe  ot  Piain  Sailing j  and  a 
Yraverfe  ,  in  theie  following  Proportions. 

Proportion  10.  Course  and  f.ijiance  Run  given  *  tofindthe  Diffe¬ 
rence  of  Latitude  and  Departure  from  the  Meridian. 
Example.  I,  Admit  a  Ship  jails  S  by  W  \  W  6  Minutes,  I  de¬ 
mand  the  Difference  of  Latitude  and  Departure  from  theMeridiatj. 

On  the  Left  hand  in  Page  50  6,  (oftheTable  under  if  Point, 
and  right  againft  6  Minutes,  undtr  Dift*  you  will  find  (under 
the  Word  Lat)  5.^492,  and  funder  the  Word  Dep .)  2.2013, 
for  the  Difference  of  Latitude,  and  Departure  required. 

But  it  may  fuffice-  if  the  Difference  of  Latitude  and  Depar¬ 
ture  be  taken  only  in  Leagues  or  Minutes,  and  Tenth  parts  of 
a  Minute,  or  League,  with  this  Allowance,  that  is - 

^ 'Tenth 


ft 

If  the  Parts  be  „4<n 


or  more,  for  it  fet  down :  Tenths 


And 


\ 


I 
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And  when  the  Parts  be  951,  or  more,  then  make  the  Mr 
notes  or  Leagues  of  Difference  of  Latitude  and  Departure  from  t>  e 
Meridian^  i  more  than  they  are  in  the  Table.  As  lor  Inftance^ 

0:1?!  >  C  L.  ?  Tenths 

Inftead  of  ^ 7.^59 vfet  down  <  7-3* 

/  8.960  '  /  9»  L  Minutes  or  Leagues 

V  9  959  J  '  lo.  ] 

So  then  the  afofefaid  Example  S  by  W.  £  W .  diftar.ee  6  min 
being  fought  in  the  Table,  finds  as  before- 

The  4  Dlftrmce  °f  Lat *  5  649*  l  that  is,  \  Ien£® 

iDepartvte - .2.0213$  \Mm  2  o  Tenths 

Example  2.  A  Ship  fails  $  S  W-  §  W.  (Jo  /  demand 

the  Difference  of  Latitude  and  Departure  from  the  Meridian. 

To  perform  this,  count  1,  at  the  Beginning  of  the  Table,  to 

be  10,  and  2  to  be  20;  5,  5°  5  4 >4°  ?  5j  5°  j  6,  60,  Lfc,  to 

10,  which  now  ftands  for  100.  According  to  this  Direction, 

againft  6  (which  now  ftands  for  60)  on  the  Right  hand  Page 

507,  and  under  2  §  Points,  ftands  5 .2915  under  Lat •  and 

2.8284.  under  t>ep.  which  makes  theDifferenc*  of  Latitude*  52.9 I? 

or  Miu  52.9  Tenths,  and  the  Departure  28.284,  or  Min.  28* 

5  Tenths :  For  obferve.  That  it  the  Oiftance  be  <5  Min.  the 

Differenceof  Latitude  is  5,291,  and  Departure  2*828.  But, 

IfL  rdo  )  T,  C  52-9*  )  '  C 

If  the  )  6oo  C  ;£“e  .  3  5291.  >and  Dep  ^  282.8 

*¥•  be  1  6^00}  Lrtf’  1S  i  5  J9f.  S  ^  ^828.0 

And  alter  this  manner  you  muft  increafe  the  Difference  oj  La- 
tude  and  Departure ,  as  theDiftance  doth  increafe. 

Example  3.  Suppdfe  a  Ship  fails  ESE.  3  E.  6  5m.  1  demand  the 
Difference  of  Latitude  and  Departure  from  the  Meridian  ? 

This  muft  be  look’d  out  of  the  Table  at  twice  that  is  firft 
find  the  Difference  of  Latitude  and  Departure  for  Diftance  60  Min. 
then  find  the  Difference  of  Latitude  and.  Departure  for  Diftance  5 
Minutes,  and  add  both  together,  which  will  fhew  you  the 
Difference  of  Latitude  and  Departure ,  required:  As  here  under  you 

may  fee :  m  m  f 

i5o7  f  20.21  p  $  5M9 

For  Dift.^  5  SThe.DifF.Lat,  is  x  1  >68  S»and  Dep* 

*  21.89' 


4.7  f 


61.20 


That  is,  according  to  the  former  Directions,  the  Difference 
of  Latitude  is  m  a  1.9,  or  Minutes  11.9  Tenths ;  and  the  Depar 
ture  tfi.a.  or  Minutes  61.2  Tenths  which  was  required. 

Example  4.  A  Ship  farts  S  W  by  S.  T  W9  i?7  .  infffe5\-  * 
wand  ^Difference  of  Latitude  and  Departur  efrom  the  Metier 


Thi 
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This  muft  be  taken  out  at  thrice  3  that  is,  feek  the  Difference 
of  Latitude  and  Departure,  for  the  Diflance  m.ioo,fof  m  30. 
and  for  m  7  3  add  them  together,  as  hereunder  is  done. 

m  rn  m  * 

100  ^  r  80.3.2  ^  r  59  57 

.  \  24.10 

tc  J  T 

V  1  10.< 


For  Dift.  ^  ^Diff.Lar.is 


.'37 


J>y  ?  7 

17.87 

4*7 

Hi, 61 

Difference  of  Latit.  no  Mm.  and  Departure  m8 1.6  Tenths. 
rropohtion  /  I.  Several  Courfes  and  Difhinces  given  3  to  find  their 
Differ,  of  Latitude  and  Departure,  which  is  the  refolvinga  Traverfe. 

Example,  ddmit  a  Ship  Jails  WSW.  106m  then  W6yN.  m  to  4. 
,hn  SW  ly  W  2,m.  Uemat>d  tbe  DifereKce  of  L  JJ aJ£ 

par  tiire  with  the  dir  eft  Courjeand  Difiance  jrom  the  {irji  Place . 

1  hefe  Courfes  and  Diftances  are  taken  from  the  foregoing 
Jonrna  ,  in  age  2  74*  being  what  the  Log-Board  made  out  for 
the  firit  Day  after  Depariing-from  the  Livard . 

In  order  to  the  working  this  by  the  Traverfe  Table,  fet  down 


Courfes 

Diji. 

Difference  Latitude 

- 

Departure 

"WSW” 

m  min 

N 

S 

E, 

W  ' 

100.0 

6.0 

58.27 

230 

92.39 

5*54 

W  by  N 

10.0 

0  4 

i.95 

0.08 

9.81 

0.39 

SW  by  W 

20.0 

21.11 

1-67 

1 

i  6  63 

2  49 

Summed  up 
Subtracted: 

2.03 

53  3  ? 
2.03 

. 

1  r- 

! 

1  «*. 

Lat 

5  M2 

Dep. 

12725  | 

»  ucu  ivyujinun  i.  nnu  tnr  u.irrerence  or  Latitude  ana  de¬ 
parture  tor  each  feveral  Courfe  and  Diflance  3  which  place  in 
their  proper  Columns3  that  is,  if  the  Courfe  be  North  Eafter- 
ly,  place  the  Difference  of  Latitucem-nhe  North  Column  un- 
■'  der  .V,  and  the  Departure  in  the  Eaft  Column  under  E  If  the 
Courfe  be  North  Wefterly,  place  the  Difference  of  Latitude  in 
theColumn  underN,and  theDeparture  in  theColumn  underW 
If  th eCourfe  be  South Eafierfi  place  the  Diff  ofLat  in  theSouth 
Column  under  S.  and  the  Departure  in  theEaft  Column  under 
E,  but  if  the  Courfe  b£  South  W  eflerly,  place  tbeDifference  of 
Latitude  in  the  South  Cohmn> and  theDeparture  jn  th CWefiCohmn. 

As 
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Asfor  Tnftance,  in  the  foregoing  Table;  the  firft  Courfe  is 
W  :  W.  the  Diftancefo6m.  which  is  parted  into  two  par is, viz. 
ioo  and  6  ;  ard  the  Courfe  being  South  W eft erly^X  place  the  Dif¬ 
ference  of  Lath,  nn.38.27  under  5-  and  the  Dtp.  m.  92.1,6  under 
"W,  The  like  I  do  for  the  DftavceC,  as  for  the  Dtftanceioo  I  he 
fecond  Courfe  is  W  by  N.  the  Diftance '  io.4?which  isalfo  look’d 
out  twice;  and  the  Differ  erne  of  Latitude  1.9  5  I  place  under  N. 
and  th tDeparture  9.81  underW.  the  like  you  mud  do  for  the  reft 
Then  having  found  th  ^Difference  of  Lat.  and  Departure  for  all 
thzCourfes ,  and  inferred  .their  feveral  Difference  of  Lat.ziidDepar- 
tures  in  their  proper  Columns:  the  next  thing  is  to  add  up  the 
N.  S.  E  and  W  Columns,  and  fet  their  Sums  underneath. 

Then  fubtraff  the  N  and  S.  Columns,  the  lefter  from  the 
greater  ;  and  likewife  the  E  and  W  Columns. 

As  in  the  foregoing  Table  the  Sum  of the  N  Column  is  2.05, 
of  the,  S  Column  53.35  of  the  E.' Column  000  and  of  the  \V. 
Column  127.25  :  And  fubtra&ing  the  N  Column  from  the  S. 
the  Remainder  is  5 1.32  the  Difference  of  Latitude  Southerly. 
And  fubtra&ing  the  E. Column  from  the  W.  theRemainder 


is  127.25  the  Departure  Wefterly. 

Now  having  the  Difference  of  Latitude  and  Departure  you  may 
find  the  Courfe  and  Diftance  by  Chapter  $.Se8ion  3.  Problem  6. 
of  Flaw  Sailing-,  in  Page  tf;. 

By  which  you  will  $n.d  the  Courfe  to  be  near  W  SW  the 
Diftance  1 3  8 "Minutes,  a®  you  may  fee  in  the  Journal  for  the 
firft  Day  thereof,  in  Page  274,  and  in  Page  288. 

Chap.  III.  The  Vfe  of  the  Table  of  Meridional  Parts, 
( beginning  in  Page  3°&) 

THIS  Table  ftieweth  the  Meridional  Parts  for  every  Minute 
of  Latitude;  and  is  thus  to  be  underftood  : 

In  the  firft  Column  towards  the  Left  hand  (of  eachPage)are 
the  Degrees  of  Latit.  from  r  to  89  Degeees.  In  the  next  6 
Columns  are  the  Meridional  Parts  for  every  5  Minutes  of  Latitude , 
anfvrering  to  the  Degrees  in  the  firft  Column;  and  on  the  Left 
hand  Page  are  diftinguifhed,  with  o m  |  5 m  jiom|  150*  |  20m 
25 m  |  and  on  the  Right-hand  Page,’  with  30 m  |  55W  |  40m  1 
45 m  j  50 m  f  |  at  the  Head  of  the  Table. 

In  the  laft  Calumnof  each  Page  towards  the  Right-hand 
are  the  Difference  in  Meridional  Parts ,  to  every  5  Minutes  of  Lati¬ 
tude  •  by  the  help  of  which,  and  the  following  Table  of  Pro¬ 
portionable  Paftsy  the  Meridional  Parts ,  to  every  Minute  of  Latitude 
may  bs  found. 

P  ropofition 


Chap,  IV. 


of  Proportional  Parts . 


30, 


Prop.  1 2i  To  find  the  "Meridional  Parts  to  every  5  minutes  op Lcttitudi 

Example  s.  Suppofe  the  Latitude  of  j^d,  10 m.  be  given  5  to  fin> 
the  Meridional  Parts  belonging  to  it. 

Right  againft  13d.  in  the  lirft  Column  of  Page  30$,  and  an' 
der  10m,  ("at  the  Mead  of  the  Table)  in  the  4th  Column,  you  wii 
find  the  Meridional  Parts  to  be  797  Minutes, 

Examp.  2.  Mdmit  you  were  to  fid  the  Meridional  Parts  anfwer- 
ing  to  the  Latitude  50c!,  loin. 

Right  againft  50c!  in  the  id  Column  in  Page  310,  and  under 
10m,  (at  the  Head  of  the  Table )  in  the  4th  Column,  you  will  hod 
3493*  which  are  the  Meridional  Parts  required. 


Chap.  IV.  The  life  of  the  Table  of  Proportional  Parts 
next  following  the  Table  of  Meridional  Parts5  in  Page  3  \  4^ 


THE  Uie  of  this  Table,  is  to  Hod  the  Meridional  Parts  to 
every  Minute  of  Latitude. 

Prop.  1  3.  To  find  the  Meridional  Parts,  for  every  Minute  of  Latitude . 

jfi.xamp,  r.  Suppofe  it  were  required  to.  find  the  Meridional  Parts 
for  the  Latitude  2  id.  23m. 

Pirjl,  Find  the  Meridional  Parts  for  the  Latitude  2  id.  :om. 
(20m.  being  the  next  even  5,  which  is  lefs  than  23m.)  which 
you  will  find  in  Page  308,  to  be  13115  and  right  againft  2 id. 
in  the  lad  Column  ( noted  with  the  Difference  at  the  Head  of  the 
Table)  you  will  find  6. 

.  Secondly,  With  this  Difference  6,  go  to  the  Table  of  Proporti¬ 
onal  Pa'ts ,  in  Page  3  14,  and  look  6  (in  the  firft  Column  there¬ 
of)  under  D,  which  (lands  for  Dffxmce,  and  hecaufe  23m.  is  3 
more  than  20,  look  under  3  at  roe  Head  of  the  Fourth  Column  ; 
So  then  right  againft  6  in  the  Fir  ft  Column,  and  right  under  2 


you  will  find  3*  which  a  Id  t 


>131  r,and  it  makes f 3 14  minutes 


the  Meridional  Parts  for  the  Latitude  2 id  23m  required 

Examp.  2.  Let  it  be  required  to  find  the  Meridional  Parts  an- 
fwering  to  the  Latitude  5  id.  49m. 

The  next  lefs  than  49m.  1845m.  1  herefore  fi nd  the  Meridi¬ 
onal  Pans  {or  4td.  45m,  which  is  3^5  r,  and  right  againft  5  id. 
in  the  Column  of  Difference  is  8. 

Now  49m.  is  4m.  above  45m.  Therefore  in  the  Table  of  pro- 
ponionai Parts  right  againft  8,  and  under  4,  you  will  find  the 
Proportional  Parts  to  be  6  5  which  add  to  3^51,  makes  3^57 
min.  the  Meridional  Parts  Cor  the  Latinde  51c!  49m.  required. 

And  thus  much  may  Mice  for  the  Ufe  of  theft*  Tables,  and 
for  this  Difcourfe,  which  I  hope  i§  Plain  and  Eafy  to  every 
Reader,  U  *  Table 


(  3°6  ) 


A  TABLE  of  Difference  of  Latitude  and  Departure 

from  the  Meridian . 


Points 


Lat,  Dtp. 


1(0.9988 
•9976 
2.9964 
3-995 


2 

3 

4 


0.049 1 
0.0981 
0.1472 
.1963 


3  4.9940 0.2454 


6  5-9927 

7  6.991 5 

8  7-99°3 

9  8.989 

9-9^79 


10 


Lat. 

09952 

.9903 


0.294^. 

0.3435 
0.3926 
0.44 
0.4907 

Lat . 


7’  Powfs 


-  Point 


Dtp. 

0.098c 
O.19  IQ 


0,9292 

1.9784 


2.985$  O.294I 

3.98070.392* 

4.97$9F.490* 


9711(0.5881 
6.966  3  P-686 1 


5*935 1 
6.9243 

7.961 5 '0.7842  7-9134 
16  8.9567'  ™  -  n  - -/- 


0.8822 

9.95i9Q.9§°2 


Point 


Lat . 


Dep. 


8.9026 

9.8918 


D<f\  1 


Pom*/  )  7^  Paints 


I  Point  | 

Lat. 

Dep .  j 

0.9808 

1.9616 

2.9424 

3.9232 

4.9040 

0.195 1 
0.3902 
0.5853 
0.7804 
P-9755 

5.8847 
6.86 1 5 
7*8463 

5  8. 8271 

9.8079 

1.1705 

I.3656 

1.5607 

I.7758 

1.9509 

Dep 

Lat 

7  Points 

to 


1 

2 

3 

4 


Poi»t 


0.9700 


0.2430 

0.4860 


1 .940O11 
2.9101  0.7289 


3.8801 

5  4.8501 

6  5.8201 

7  6.7901 

8  7.7602 
.  98.7302 
10(9.7002 

“5I 


0.9719 
1.2 149 


0.2903  0.9415 
1.91 39Q-S8°6  1.8831 
r‘  "  2.824! 

3.76,67 
4.7077 


2.8708 

3.8278 

4.7847 


i-4579j5,*74»6 
1.7009I6.6986 
i. 943817.6555 

2.18688.61 25 

2. 


Poi»?5  6°-  Points 


0.3369  0.9239 
0.6738  1.8478 
f.0107  2.7716 

f.3476  3-4955 
4.6194 

2.021 3  5.5433 
6.59084.2582  6*4672 
7.39IO 
8.3H9 
9.2388 

Dep 


6~  Points 


6  Points 


(  3°7  ) 


A  TABLE  of  'Difference  of  Latitude  and  Depar- 

tun  from  the  Meridian . 


5 

6 


2  5  Points 


Lat  j  Dep. 

0.9040  0.4276 
1.8080 

2.7120 
3  3.6160 
4.5200  2.1378 


i 


Points 


I. 


O.4714 

0.9428 

f.4142 

1.8856 

2-3570 


5.4240  2.5654  5 

)|6.328oj2.9929  6 
7*7. 2320:3.4205  7 

8  3. 1 3  6(33  84807 

9  9.04004.2756  ~ 

10  ■— - * 

—  Dep.  I  Lat . 


2915  2.8284  5.1464 
6.1734 

©554 

9373 
8.8192 

Dep. 


3.2998 

3-77»* 

4.2426 


Lat 

0.8  577 
J.7155 
2.5732 
3-4302 
4*2887 


6.0041 
6.8618 
7.7196 
4.7 r4o; 8.577 3  5.1410 

i  Dep 


Lat 


Dep. 

0.514 

j  .0282 
1.5423 


3  Points 
Lat  j  Dtp. 


Mb 


0.82 15  0.5556*  i 
1.f629T.ini  2 
2.49441.6667  3 
2.05643.32592*2223  4 
y  7  £3  ±21 74  2*77 7 9 h 

4.9888  3.33S4  6 
5.82083*8890  7 
6.651E4.4446  8 
4.6269*7.4832  5.0001 

5-5  557 
Dep.  I  Lut 


3.0846 

3*5p8? 

4.5  128 


Lat. 


$  §  Points  5 1  Points  5  -Points  l  5  Points 


9 

to 

b 


S3 

* 

1 

2 

3 

4 

5 


3-i  Points 

~Wep. 


Lat. 


0.8032 

1.6064 

2.4096 

3.2128 

4.0161 


6 

7 

8 

9 

10 

"5 


4.81*3  3.5742 


5.6225 

6.4257 


0.5957 

c.i9i4 

1.7871 

2.3828  _ 
2.2785  3.865  1 


Deb. 


3 1  Pointt 


f. 


3-J  Points 


Lat.  |  Dep. 


0.77300.6344 
1.5460^.2688 
2.319011.9032 
3.0920  2.5376 


4.1699 

4.7656 


7.2289  5.3613  6*9571 


8.0321  5,9570 


4.6381 

5.4m 

5.1841 


3.1720 


7-7301 


Lat. 


0,7410 

1.4819 

2.2229 

2.9638 

3.7048 


Dep. 


4  Points 


Lat . 


0.6716 

1.3431 

.0147 

2,6862 

3*357^ 


Laf.  Dip.  j  La? 


3.8064  4.4457 

i.4408  5.1867 
5.0752  5.9276 
5.70966.6686 
6.34407.409  s 


0.7071  0.7071 
1.4142  1.4142 
2.1213  2.1213 
2.8284  2.8284 
3. ?356  >5356 


4 1  Pomr?  j  4*  Points 


- u 


Deg. 


4.0294 
4,7009 

5«3725 

6.044816.3640 

0.7 156  7.071 1 


4.2427  4*2427 
4.9498  4.9498 
5.6569  5  6569 


Lat. 
Points 


Dep 
4  Points 


I? 

j  si 

1 

2 

3 

4 

6 

7 

8 

6.3  640  9 

10 

Lat 
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QM 


910 

973 

1035 

1098 

1161 


The  M nates  of  each  Degree . 


5^. 


10  m. 


1 5^, 


The  Meridional  Parts . 


9I<5; 

978  ; 

1 04  f. 

1 103 
ii6j 


1230 


10 

15 

70 

75 

130 

*3  5 

190 

*  9  5 

250 

255 

310 

3 1 5 

3 1 1 

37* 

43^ 

436 

492 

497 

552 

557 

5i8 

674 

6-)  9 

736 

741 

797 

802 

•  859 

8^4 

921 

926 

983 

988 

104.6 

I  0  5  1 

1 1 09 

.  1114 

11 72 

11  77 

12  3(5 

1241 

1300 

1305 

13154 

1 37° 

1429 

143  5 

1495 

1 5  00 

1561 

1567 

1^28 

1633 

*595 

1700 

1762 

1768 

1831 

1837 

1842 


ZGM 

2 

• 

20 

25 

80 

85 

140 

*45 

200 

205 

26O 

255 

320 

325 

381 

385 

441 

440 

U02 

507 

*552 

567 

623 

528 

584. 

590 

748 

75* 

807 

812 

859 

874 1 

93  1 

956 

994 

999 

1056 

io5  t 

11  JO 

1125 

1183 

is  88 

1246 

1252 

131 1 

1315 

1375 

1381 

1440 

1445 

1505 

1511 

1572 

1578 

1639 

1544 

170  5 

1712 

1774 

1780 

51 

CJ 


5 

5 

5 

5 

5 

»■=»< 

5 

5 

5 

5 

5 

5 

5 

5 

5 

J 

5 

5 

5 

5 

J> 

5 

5 

6 

6 

5 

5 

6 

5 

6 
6 


A  Table  of  Meridional  Parts  %&$ 


3 

Tta  Minutes  of  each  Degree. 

to 

tor 

to 

| 

3  5»2. 

' 

to 

C-  , 

30^.  j 

4GW2 

4  5  »» 

50W. 

5  yn 

2S  i 

rs 

The  Meridional  Parts » 

^  -I 

J 

O 

30 

'•  3<| 

40 

45 

5a 

j'  55 

5 

I 

90 

95 

100 

105 

1  iO 

115 

5 

2 

I^O 

155 

160 

1  <5  5 

170  j 

175 

5 

2 

2  10 

215 

22  0 

225 

2  30  ] 

*35 

5 

4 

27O 

275 

280 

285 

290  j 

295 

5 

5 

33° 

335 

341 

4CT3W- - 

S46 

3-5*1 

556 

5 

6 

591 

39^ 

401 

406 

4!I 

4!<> 

5 

5 

7 

451 

456 

461 

466 

471 

476 

B 

512 

,  51? 

5  22 

527 

532 

593 

537 

5 

9 

573 

578 

583 

588 

598 

5 

so 

6*4 

639 

644 

"  <549 

654; 

659 

5 

II 

695 

700 

7°5 

710 

715 

720 

5 

12 

7  56 

761 

766 

828 

771 

7“<5 

|  .  781 

5 

*3 

8  j8 

823 

833 

838 

j  84; 

5 

*4 

879 

885 

890 

895 

900 

905 

5 

1 5 

942 

947 

952 

957 

962 

967 

5 

1 6 

1 00  4 

loop 

I  G I  4 

10201 

102) 

103c 

5 

i? 

1067 

1072 

1077 

.  I082J 

I088 

2093 

5 

i8 

1130 

1 1 35 

1 140 
I  2  04 

U46 

II5I 

1156 

5 

i9 

► 

1193 

iipp 

1209 

1214 

f  1220 

5 

20 

j  1257 

1262 

1268 

12.73 

I278 

1284 

»»“> 

5 

2  1 

1321 

1327 

1332 

*538 

1343 

i  348 

3 

22 

1386 

1392 

1397 

1402 

I408 

14*3 

(5 

23 

*  45 1 

f457 

I  46  2 

1468 

1473 

1479 

6 

24 

15  n 

1522 

1528 

1 533 

1539 

1 544 

6j 

. . . .  - 

•  III  1  ■ 

n  |  aT  ~  ll'i  ~M 

!■»  r  ---  — — 

2  5. 

1  ^83 

1589 

I  594 

1 6o° 

1605 

i  6  ;  I 

to, 

6 

Z<5 

1^5° 

1656 

l66l 

1  <567 

387  2 

1678 

6 

27 

1717 

j  *71? 

1729 

17  34 

I  740 

1744 

a 

28 

1^85 

j  1791 

’  1797 

1 802 

j  S  808 

|8  I  A 

|  6 

*9 

1854 

.  !■■■■  1—1 

1  i860 

186  5 

1871 

1  1877 

*883 

j  '6 

3  ID  A  Table  (/Meridional  Parts 


9' 

Tfo  M  nut  es  oj  each  Degree. 

g. 

& 

cm 

* 

5  m. 

[ 

10m. 

15m, 

tom 

25m. 

25 

*■>* . 

Tta  Meridional  Parts. 

zo 

1888 

1894 

1900 

190(5 

j  pi 2 

1917 

6 

31 

1958 

J964 

1970 

1976 

1981 

1987 

6 

32 

2028 

2034 

2040 

2046 

2052 

2058 

6 

*\  n 

3* 

14 

2  100 

2  105 

2111 

21  1  7- 

2123 

2529 

6 

2171 

2177 

2184 

2190 

219(5 

2202 

6 

5  5 

2244 

2250 

2*57 

22(53 

2269 

2275 

6 

3 <5 

2318 

•  $3*4 

2330 

2337 

2343 

2418 

2349 

6 

37 

2393 

2399 

|  2405 

2411 

2424 

6 

38 

2468 

2475 

248* 

2487 

2494 

2500 

6 

39 

2545 

255* 

2558 

2  564 

2571 

*577 

6 

40 

i  &6  23 

2629 

2636 

2642 

2(549 

2655 

*41 

I  2702 

2708 

*7*5 

2722 

2720 

*735 

7 

i  f 
42 

2782 

2788 

*795 

2802 

2809 

2815 

7 

V 

43 

j  28^5 

2870 

2953 

2877 

2884 

2891 

2897 

7 

44 

294  6 

2960 

2967 

2974 

2981 

7 

45 

3030 

2037 

3044 

3°5I 

5058 

•3065 

7 

146' 

31 1  <5 

3123 

3130 

3*37 

3*44 

3*51 

7 

47 

3203 

3210 

3217 

3225 

3232 

3240 

8 

48 

3**9 1 

3299 

300(5 

33*4 

3322 

3329 

8 

49 

338s 

339° 

3397 

3405 

34*3 

3420 

8 

jo 

'*1— >»  1  - 

3474 

3482 

3490 

3498 

%5o« 

35*4 

8 

■)  * 

3  5^9 

35  77 

3585 

359; 

3601 

5  <509 

8 

V2 

fs&j 

3973 

3  (58 1 

3(590 

3698 

570(5 

8 

53 

37^4 

3772 

3780 

3789 

3797 

3806 

8 

54 

58^5 1 

3S73 

3882 

3890 

3899 

3997 

8 

|M-« 

5  5 

3958 

5977 

39,85. 

3994 

4003 

4012 

9, 

5  <5 

4074 

4U83 

4092 

4101 

4110 

4**9 

9 

57 

!*■’  4183 

41 92 

420 1 

42  JO 

4220 

4229 

9 

58 

4294 

4304 

43*3 

43*3 

433* 

434* 

roj 

J? 

4409 

44 1 9 

4429 

443.s 

4448 

4458  jl<!i 

A  Tahk  of  Meridional  Part  s  3 1 1 


3 

r 

The  Minutes  of  each  Degree. 

Hi 

ts 

0^ 

! 

L  40 m 

♦ 

;  y  ,, 

O  1 

C? 

b 

30W. 

|  3  5m- 

45m 

50m. 

5 

a 

•* 

The  Meridional  Parts . 

k 

3° 

1923 

1 929 

193  5 

194s 

1946 

1  *95* 

3* 

1993 

1 999 

2  co  5 

201 1 

201  7 

2022 

T 

6 

32 

20(54 

2070 

2075 

2082 

2088 

1 

1  2094 

6 

33 

2135 

2  14.1 

2  47 

2153 

2159 

6j 

34 

2  208 

2214 

2220 

2226 

2232 

1  2238 

6[ 

35 

2281 

2287 

2293 

2199 

2306 

231 2 

6j 

3* 

2355 

25tf3 

2368 

2574 

2380 

2386 

6! 

37 

2430 

2437 

2443 

*449 

2456 

2462 

<! 

3$ 

2  506 

25IS 

.  *5i  9 

2526 

2532 

2538 

-61 

39 

2584 

259  a 

2597 

2603 

261a 

26  /  6 

6 

40 

2662 

2(5(59 

2(775 

2682 

2688 

j  2695 

•—•4 

6 

4i 

2742 

2748 

'  =755 

2762 

2768 

2775 

7 

4* 

2822 

^829 

283d 

2843 

2849 

2.856 

7 

43 

2904 

2911 

2918 

2925 

2932 

!  *939 

7 

44 

2988 

2995 

3002 

3009 

3016 

3°  2  3 

7 

45 

iOJi 

3080 

5087 

» 

3094 

3101 1 

3  108 

7 

4(5 

3  1 59 

31 66 

3 1 73 

3181 

3 1 88  | 

3-95 

7 

47 

3147 

3254 

3262 

3269 

3*77 

3284 

8 

4B 

3337 

3344 

3352 

33  59 

3367 1 

3374 

8 

49 

r  -■< 

3428 

343-S 

3443 

3451 

3459 ! 

3467 

8 

50 

3  52  1 

x3529 

3537 

3  545 

3553  I 

3560 

8 

5* 

5617 

3(525 

3633 

3641 

3*49 

3657 

8 

5* 

3714 

3722 

3  7  3 1 

5739 

3747  , 

37  5  5 

8.: 

53 

5814 

3822 

3831 

3839 

3848 

3856 

8 

54 

391(5 

3925 

393  3 

394* 

39  5 1 

39  59 

8 

osrti  j 

5  5 

4021 

4029 

4038 

4047 

4056 

4°*  5  j 

9' 

5(5 

4f  28 

4137 

414(5 

4155 

4164 

4*73 
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5? 

4238 

4247 

4257 

426(5 

42*7  5 

4285 

9 

58 

4351 

4361 

4370 

4380 

4390 

4599 

0 

59 

4458 

4478 

4488 

4497 

4507 

45*7  * 

oi 
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cx 

ta  1 
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S  ®  j» 

X&e  Minutes  of 

each  Degree 

1 

- 

b 

cot.  ! 

! 

| 

\ 

0 

io  m. 

20m. 

25??/, 

‘ 

|  i 

1 

3  *>  1 

g  •  ] 

The  Meridional  Parts 

|6o 

4527  | 

4537  | 

4$  47 

45  7  j 

45^8 

4578 

10 

16 1  1 

4649  ! 

4660 

4670 

4680 

4691 

470 1 

10 

162 

4775 1 

4786 

47  9^ 

4807 

4818 

4829 

1 1 

6  3 

4905  I 

4916 

4927 

4938 

4  9 49 

4960 

u  | 

64 

.  5039 

51051 

5062 

50^4 

5085 

5097 

12 

6^ 

5179 

5‘9l 

5205 

5214 

<226 

5238I 

11 

66 

5924 

5336 

5  348 

5361 

5  373 

5  285  1 

12 

61 

5474 

5487 

55°° 

55*3 

5526 

5  539 

13 

63 

5631 

5644 

5658 

5671 

5685 

5698 

4 

69 

5795 

5809 

5823 

5® 3 7  j 

585‘ 

5865 

4 

70 

J;66 

5981 

5995 

6010  j 

6025 

6040 

15 

7 1 

6i46 

6l6l 

6177 

6392  { 

6208 

6223 

15 

72 

6335 

63s1 

6367 

6384 1 

64OO 

.  6417 

16 

73 

6534 

6552 

6569 

6586 

6603 

6621 

17 

74 

6746 

6764 

6782 

68ci 

6819 

6838 

18 

75 

697O 

699O 

7009 

7029 

7048 

7068 

20 

76 

7210 

7231 

7252 

7273 

7294 

73T5 

21 

77 

7*567 

7490 

7512 

7535 

7557 

75§o 

23 

"78 

7745 

77  69 

7793 

7817 

7842 

7867 

25 

79 

8046 

8072 

8099 

8125 

8152 

8179 

27 

80 

8375 

84O4 

&433 

8463 

8492 

!  85^ 

30 

8  1 

8739 

8771 

8803 

8836 

8869 

1  8903 

33 

82 

9H5 

9i82 

9218 

9255 

9292 

9330 

37 

83 

9606 

9647 

9689 

f  9731 

9774 

9817 

43 

84 

10137 

IOI85 

102  54 

10283 

10334 

10385 

5i 

85 

IO765 

10822 

10881 

10941 

1 1002 

1 1 064 

62 

86 

15533 

Il605 

11679 

11755 

11832 

H9n 

77 

m 

12521 

12619 

12.179 

12821 

12927 

13036 

109 

?8S 

I39I6 

I4O63 

14216 

14376 

*4543 

14720 

j8p 

|  16300 

*65  99 

16926 

17289 

27693 

18153 

J 

A  \ Table  of  Meridional  Tarts,  3  l$ 


X5r  Minutes  of  Degree . 

H  I 
0  I 

lo- 

. 

it 

jj 

0  i 

,  ^ «  a 

Si. 

30^. 

35*». 

40^. 

I  41m- 

$0«f. 

55»»- 

n> 

5S 

Xfre  Meridional  Parts 

6o 

4588 

4598 

4608 

4618 

4629 

4639 

IO 

6 1 

47  l* 

4722 

47§3 

4743 

4754 

4764 

ID 

6  2 

4*39  ■ 

48^0 

4861 

4872 

4883 

4894 

5028 

5267 

11 

63 

4972 

4983 

4994 

5005 

5017 

II 

64 

5108 

5  1 20 

5132 

5143 

5«55 

1 2  I 

65 

5250 

5263 

5275 

5287 

5299 

53“ 

12 

66 

54fi 

5423 

5436 

5449 

5461 

12 

67 

^52 

5565 

5578 

5592 

5604 

A61! 

12 

68 

5712 

5725 

5739 

5753 

5767 

578l 

14 

69 

5S79 

5894 

5908 

592? 

037 

5951 

V} 

14 

70 

6055 

6070 

6085 

6100 

6115 

6130 

«■**% 

M 

s  6  1 

71 

6239 

6255 

6271 . 

I  6287 

6303 .  j 

6319 

7  2 

fi433 

6450 

6467 

6483 

6$oo- 1 

6^17 

17 

73 

6639 

,6656 

1.  6674 

6692 

6710 

6728 

18 

74 

680 

6875 

!  6894 

69 13 

6932 

6951 

19 

7$ 

7088 

7108 

7128 

7149 

7169 

7189 

20 

76 

7336 

7358 

73'9 

7401 

7423 

7445 

22 

77 

7603 

7626 

7650 

7673 

7697 

7722 

24 

26 

78 

7892 

7  9*7 
8234 

7942 

7968 

7994 

8020 

79 

8207 

8232 

8290 

8318 

8347 

28 

80 

8552, 

8583 

8614- 

8644 

8976 

8707 

3  I 

8 1 

8936 

8970 

9005 

9039 

9074 

91 10 

36 

82 

9368 

9407 

9445 

9485 

95*5 

9565 

40 

83 

986l 

9906  | 

9951 

9996 

10043 

10089 

46 

84 

10437 

10489 i 

10542 

10597 

10652 

10707 

55 

s? 

11 127 

11192  1 

11257 

11324 

JI392 

11462 

68 

86 

1 1992 

12075  1 

12160 

1224; 

12336 

12428 

8q 

87 

1 3 149 

13266 ; 

13386 

13511 

I364I 

13776 

88 

14906 

15102 

I53H 

15532 

15770 

16024 

89 

18683 

19309 

20076 

21065 

22459 

24842 

r 


A  Table  of  Proportional  Parts; 


3i4 

rD7 


5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


1 

1 

1 

2 
2 
2 

2 

2 

3 

1 


2 

2 

i 

3 

4 

4 

4 

i 

5 


i 

3 

3 

4 

5 


7 

78 


15S  3 

17I 

18  4 

19  _4 
20;  4 

iai|  4 
aaj  4 

23  jl 
24'  5 


4 

4 

$ 

"8 

I 

*— • 

9 

10 

JO 


6  j  8  |ii 

6  ;io  1 13 

7  j10  N 

711  i4 

8  |ii  ij 

*— •  I  •— 

8  |ia 

8;i3 

ii 

944  18 
10  14 


16 

17 

18 


D. 

25 

26 

27 

a8| 

3° 

31 

33 

35 

37 

40 

42 

4<5 


J 

ao 


i  (_2j  J 
'5!io  15 
5  10  10,21 
5  In  16  22 

11  17 
12S18 

12 


6 

6 

6 


7 

7 

7 

8 
8 

9 


So  .IO 
55  11 

6l  13 

<58il4 


13 

14 

15 

16 

17 

18 


32 

24 


12  ft 

20  26 

21  28 
22 130 

-  |-i_ 
24  3a 


25 

28 


88|i8 


105 121 

1 1 5  >*23 


34 

37 

40 

44 


20  30 

22  33 
y-  J37  49 
27  41  54 

30  46,61 

3J,5j7_£ 

63  53 184 
69,651  92 


✓ 


A 


315 


A  Table  of  Logarithms 

For  Numbers  increafing  in  their  Natural  Order, 
f  om  an  Unit  to  10,000. 

With  a  Table  of  Artificial  Sines,  Tangents, 
and  Secants,  the  Radius  10,000000  ;  and  to  e- 
very  Degree  and  Minute  of  the  Quadrant. 


N. 

Ligar. 

1 

N. 

Ligar. 

N 

|  Logar. 

1 

2 

3 

4 

5 

6 

0.000000 
0.301030 
0.477121 
0.602060 
0.698970 
0.77815 1 

34 

3$ 

36 

37 

38 

1.531479 

1.544068 

1.556102 

1.568202 

1.579784 

1.591065 

67 

68 
69 

79 

71 

_  72 

1.826075 

1.832509 

1.838849 

1.845098 

1.851258 

1.857332 

7 

8 

9 

30' 

11 

12 

0.84509S 

0.903090 

0-954*42 

1.000000 

1.041393 

1.079181 

40 

41 

42 

43 

44 

45 

1.602060 

1.612784 

1.623249 

1.633468 

1.643453 

1.653212 

t 

73 

74 

75 

76 

77 
7* 

1.863323 

1 .864232 
1.875061 
1.880814 
1.88649 1 
x. 892095 

13 

14 

*5 

16 

17 

18 

19 

1.113943 

1.146128 

1.176091 

1.204120 

1-250449 

1  255272 
1.2787*4 

46 

47 

48 

49 
♦  50 

f?  51 

52 

i. 662758 
1.672098 
1.681241 

1.690196 

1.69897c 

1.707570 

1.716003 

79 

80 

81 

82 

83 

84 

V 

1.897627 
1.903090 
1.908485 
1.9138 14 

1.919078 

1.924279 

1,929419 

20 

21 

22 

‘23 

24 

25 

26 

1.301030 

1.322219 

s. 342423 

r. 361728 

1.380211 

1.397940 

1.414973 

.* 

53 

54 

55 
5* 

57 

58 

59 

1-724276 

1.732394 

1.740363 

1.74S1S8 

1  *755^7 5 
1.763428 
1.770852 

5 

86 

87 

88 

89 
.  90 

9f 

92 

1.934498 

*•9395*9 

1.944483 

1.94939° 
1.954242 
1.9  5  904 1 

1.963788 

?7 

28 

29 
3° 

3  1 

32 

33  V 

1.4313^4 
1-447 1 5  8 
1.462398 
1.477 1 21 
1.491362 
1.505 150 
1.5 18514 

60 

61 

62 

63 

64 

65 

66 

1.778151 

1.78533° 
f. 792392 
1:7993,40 
1.806 1.80 
1.8 12913 
1.8 19 '44 

93 

94 

95 

96 

97 

98 

99 

1.968483 

1.973128 

!•  977724 

I.982271 

1.986772 
1.99,1226  | 
1-995635  1 

h  Tab’e  of  Logarithms. 


(  1,16  ) 


Num 


o 


2.000000 
2.004321 
2.008600 
2.012837 
2.017035 
2.02  2  1 89 
2.02  5  306 
2.O29384 

2.033424 

2.037426, 


2.04IB93 


2.OOO434 
2.OD475  1 
2.0O9O26 
2,oi  3256 
2.01745  l 

2.02  l60g 

2.O25715 
2.029789 
2.O33826 
2  037825 


2.000868 
2  OO5180 
2.O0945I 
2.OI368 
2.01 


2.00 1  30 1 
2.00  5  609 
2.O098/6 
2.014100 
2.018284 


2.041787 


2.O45323?  2.045714 
2.049218  2*049  606 
2.O53078  2.053463 
2.056905  2.057286 
'2.060698 
2.064458 

2.068l86 

2.O71882 
2.075547 
2.679181 

2.082785 
2.086360 

2.089905 

2.093422 
2.096910 
2.100370 
2. 103804 
2. 1072?  0 
I  29  1  2.1105.93 

130  j  2. 1 1 3943 

131  j  2.117271 

0474. 

85?. 

134  j  2.127105 

135  1  2.1 30334 


2.022016 1  2.022428 
2.026124J2. 026533 
2.030195  1 2.030600 
2.034227 j  2.034628 
2.038223  j  2.038620 


125 

126 

127 

128 


2.1  20 


I33  |  2. 1 2g 


132| 


2.042182  j  2,041575 
2.046105  j  2.046495 
2.049993  2.050380 
2.053846  2,054230 
2.057 666  2.058046 
2.061075  L.061452  2,061829 
2.064832  J  21065  206  2.065580 
2.068557  |  2-068928  2.069 2.98 
2.072250  2.072617  120372985 
2.075912!  2.67627.6  2.076640 
2.079 543  j  2.079904  2.080266 

2*083144;  2„ 083503 '2.08386I 
*  2708707 1  2.087426 
2.09061 1  2.O9O963 
2.094122  2.094471 
2.097604  2.0979S1 
2.10-1 0  49  j  2.&0140? 
2,10448;  2.IO4828 
2.107888  -2.108227 
2.III262  2.11  1598 
2.1 14611  ;  2.1 1 4944 
2, 1 1 7934  ; 

2,1215  6-5 
2.I24830 
2.128076. 


4  \Djff 

434 

428 

424 

419 
416 
412* 

408 
404 
400 

396 

393 

389 


2.001734 

2.006038 
2.0^0300 
2.014520 
2.018700 
2.022,84  ! 
2.026942 
2.03£C04 
2.035029 
2,039017 

204296^ 
2.01688  5 
2.050766 

2,054613 

2.058426 

2.062206 

2.065953 

2.069668 

*  2,071 852- 

2.077004 

2.080626 


2.0867 16 
2.090258 
2.393772 
2.0972  >7 
2.100715 
2.104145 
2.107549 

2.110926 

2.114277 

2.1 17.603 

2.120903  j 
2.124178' 
2.127429 
2. 1 306  5  5 
2.133858 
2. 1 3  7'c  3  7 


1^]  2.13.5539 

137  42.136721 

138  .2.139879  2.140194 

139  *  2.143°!  5  2.143527 

140  !•  2.146128  '2.146438 
I  j4i  ;  *2.149219  I  2.I49S2? 
i  t.42  }  2.152288}  2.152594 


2,12123  5 
2.1245°^ 

2.127752 
2.530977  2.131298 
2.134177 ;  2. 1 14496 
2.137354  2.13767° 
2.140508  2,140822 
2443639  2.143951 
2.146748  2.i47°5§ 
2.149835  3.i5°‘42 
2.152900  2.153205 


2.084219 
2.08778 1 
2.09131 5 
2.094820 
2.098297 
2.101747 
2.105 169 
2.108565 
2.1 1  >934 
2.1 15278 
2.118591 

2. 121888 

2.1  2<  I  56 
2.1  28399 
2,131619 
2.134814 
2.137987 
2 14II36 

2.144263 


386 
382 

379 
37  6 
3,72 
369 
366 

363 

360 
3?7 

355 
35; 
349 
346 
343 

34° 

338 

335 
333 
33° 
328 
325 
323 
321 
318 
315 

3K 

3  12 

2.H7  367  j  3°9 
2.150449  j  307 
2.1535  10  -  305 


) 


from  i  to  10000 


(  3  *7  ) 


Mum 

ICO 

101 

102 

103 

104 

105 

106 

107 

108 

109 

1 10 
in 
112 

113 

114 

1 1 6 

117 

1 1 8 

1 19 

120 

t  121 
1  122 

123 

1 24 

12$ 

126 

•  127 
I2§ 

*"9 

530 

*3 1 


5 


132 

133 

134 

135 

136 

137 

138 

*3  9 

140 

141 

142 


2.002  i  66 
2.006466 
2.010724 
2  014940 
2.0191 16 
2.023252 
2.027350 
2,031408 

2 ©354|° 

2*039414 


6 


8 


2.002598  j  2.003029 
2.006894  J  2.007321 

2.  DU  147  $2,011  57Q 
2.OI5  360  |  2.01  5779 
2.O19532  ]  2*019947 
2.023664 


2*043362 
2.047275 
2.O5  II52 
2.O54996 
2.058805 
2,062582 
2.066326 
2.070038 
2*073718 
2.077368 
2.080987 

2.088136 
2.091667 
2.095 169 
2.098644 
2.102090 

2.1055  to 
2.108903 

2.112270 
2.115610 
2.1  18926 


024075 
2.028164 
2.032216 
2.036229 
2.040207 


2.027757 
2.031812 
2.o§5§3o 
2.03981 1 

2.043755 1  2,044148 
2.047664  2.048053 
2.051538  2.051924 
2*055378  2.055760 
2.059185  2.059563 
2.062958  2.063333 


2.066699 


2.067071 


2. 


070407  2.070776 
2.074085  2.07445  s 
2,07773s  2.078094 
2.08*347  2.081707 


222l6 
2.125481 
2.128722 
2.I31939 
'2  135133 


2. 1 
2.141450 
2*544574 
2.147676 
2 150756 

2.i<q8f  5 


2.084934 
2.088490 
2.092018 
2.0955  £  8 
2.098990 

2.102434 

2.10585 1 
2 IO924 I 
2.112605 
2.115943 
2. 1 19256 

2.122543 
2. 1.25806 
2.129045 
2.13226O 
2  S3H51 
2.138618 
2.1417.63 
2.144885 
2.147985 
2.151063 
2.1541 19 


2.0S5291 
2  088845 
2.092370 
2.095866 

2.099335 

2.102777 
2.106191 
2.109578 
2.1 12940 
2.1 16276 
2  1. 19586 

£ .  i  2  2  S  7 1 
:?» 126131 
2.129368 
2.132580 
2.135768 
2.138934 

2.142076 
2. 145  596 
2.148294 
2.!  5  1370 
2.154424 


9 


2.00346 1 
2.007748 
2.011993 
2.016198 
2.020361 
2.024486 
2.028571 

2.032619 

2.036699 

2.040602 

2*044540 

2.048442 

2.052309 

2.056142 

^•059942 

2.063709 

2.067443  | 

2.071145  : 

2.074816 

2.078457 

2.082067 

2.085647 
2.089198 
2.092721 
2.0962;  5  * 
2.099681 
2,103 1 19  j 
2. 10653! 

\  2.109916 
2,1 13275 
2. 1  I  6608 
2.  s  1991  5 

2.123198 
2.1  26456 
2.1  29690 
2.132900 
2:136086 
2.I39249 
2.I42389 

2.245507 

2.148603 
.2.15  1676 
2  154728 


2.OO389; 
2.008174 
2.OI2415 
2.0l66l  5 
2.020775 
2.024896 
2.O28978 

2.03  302  I 

2.037028 

2.O4O998 

2.O4493I 

2.048830 
2.052  694 
2.O56524 
2.060320 
2.O64083 
2,067814 
2.0715x4 
2.O75X82 
2  O78819 

2,082426 

2.086004  J 

2-0^9552  J 

2.O93071  J 
2*096562  j 

2*!0,30S6  I 

2.103462 
2.I06870  | 
2.1  10253  ' 
2»  !  1  3  609 
2.11 6940 
a.  120345 

2- 1 2  ^7*5  i 

2v  126781 
2.130012 
2.133219 
2.136403 
2.139564 
2.142702 
2.145818 
2.148911 
2. 15  1982 
2,155032  I 


422 

428 

424 

419 

416 

412 

408 

404 

400 

396 

393 

3  ^  9 

386 

|8a 

379 

6376 

372 

369 

366 

363 

360 

357I 

355 

35* 

349 

346 

343; 

340 

33§ 

335 

333 

J3° 

328 

325 

322 

320 

318 

315 

3i4 

9IS 

309 

306 

3°4! 


(  3«8  ) 

A  Table  of  Logarithms. 

Nmm 

0 

1 

2 

3 

4 

m 

2.155336 

2.155640 

2.155943 

2.156246 

2.156549 

303 

144 

2.158362 

2.158664 

2,1 58965 

2.159266 

2.159567 

301 

x45 

2.161368 

2.161667 

2.161967 

2.162266 

2,162564 

299 

146 

2* 1 643  5  3 

2.164650 

2.164947 

2.165244 

2.165541 

297 

147 

2.1673  *7 

2.167613 

2.167908 

2.168203 

2.168497 

295 

14S 

2.170262 

2.170555 

2*170848 

2.171 141 

2.171434 

293 

149 

2.173186 

2.173478 

2.173768 

2.174060 

2,I7435 1 

291 

150 

2.176091 

2.176381 

2.176670 

2.176959 

*.177248 

289 

i$i 

2.178977 

2.179264 

2.179552 

2,179339 

2.180126 

287 

i52 

2.181844 

2.182129 

2.182415 

2.182700 

2.182985 

285 

x  5  3 

2.184691 

x- 184975 

2.185259 

2,185542 

2.185825 

283 

i54 

2.187521 

2.187803 

2.188084 

2.188366 

2.188647 

281 

X  5  *5 

2.190332 

2*190612 

2.190892 

2.191171 

2.195451 

279 

156 

2.193125 

2,193403 

2.193681 

2*i93959 

2.194237 

278 

1  $7 

2.195900 

2.196176 

2.196452 

2.196729 

2.197005 

276 

158 

2.198657 

2.198932 

2. 199206 

a.i  9948  s  ^ 

2-19975  5 

274 

*59 

2.201357 

2.201670 

2-201943 

2.202216 

2.2O2488 

272 

160 

2.204120 

2.204391 

2.204662 

2.204933 

2.205204 

271 

161 

2.206826 

2.207095 

2.207365 

2.207634 

2.207903 

269 

162 

2.209515 

2.209783 

2.210051 

2.210318 

2.210586 

267 

163 

2.212188 

2,212454 

2.212720 

2.212986 

2.213252 

266 

164 

2.214844 

2*2  15  IO9 

2.215373 

2.215638 

2.215902 

264 

165 

2.217484 

2.217747 

2,2l80lO 

2.218273 

2.2l8535 

262 

166 

2.220108 

[2.220370 

2.22063  I 

2.220892 

2.221 153 

261 

167 

2.222716 

2.22297  6 

2.32323  6 

2.223496 

2.223715 

259 

1685 

2.225309 

2.225568 

2.225826 

2.226084 

2,226342 

258 

1 69 

2.227887 

2.228144 

2.228400 

2.223657 

2.228913 

256 

170 

2.230449 

2.230704 

2,230960 

2.231215 

2.231470 

254 

171 

2.232996 

2.233250 

2.233504 

2.233757 

2.234011 

2$3 

172 

2.235528 

2.235781 

2.236033 

2.236285 

2.236537 

252 

173 

2.238046 

2.538297 

2.238.548 

2.238799 

2-239049 

250 

174 

2.240549 

2.240799 

2.241048 

2.24x297 

2.241546 

249 

175 

2.243038 

2.243286 

2,243534 

2.243782 

2.240030 

248 

176 

2.245513 

2.245759 

2.246006 

2.246252 

2.246499 

246 

J77 

2.24797? 

2.248219 

2.248464 

2.248709 

2.248954 

245 

178 

2.250420 

2.250664 

2.250908 

2.251151 

2.25139'; 

243 

17  9 

2.252853 

2.253096 

2.253338 

2.253580 

2.253822 

242 

180 

2.255272 

2.255514 

2.255755 

2.25  5996 

2.256237 

241 

181 

2.257679 

2.257918 

2,258158 

2.258398 

2.258637 

239 

182 

2.260071 

2.2,60310 

2.260548 

2.260787 

2.261O25 

232 

1 S  3 

2.26245 1 

2.262  688 

2/26292  5 

2263 162 

2.263399 

237 

184 

2.264818 

2.265054 

2.265  29C 

2.265525 

2.265761 

235 

185 

2.^67  172 

2.267406 

2.2676il  2.267o75 

2.268  l  IO 

i*-uJ 
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Vum. 

5 

6 

7  , 

8  ' 

•  9 

Diff. 

143 

144 

H5 

146 

147 

148 

149 

150 

Mi 

l<,2 

*5? 

i$4 

*55 

156 

^57 

158 

*59 

160 

161 

162 

163 

2,156852 

2.159868 

2.162863 

*.165838 

2.168792 

2.171726 

2.174641 

2.177536 

2.180413 

2.183270 

2.157154 

2. 160168 
2.163  S6l 

2.166134 

2.169086 

2.172019 

2.174932 

2.I77825 

2.180699 

2.183554 

2.157457 

2.160468 

2.163460 

2.166430 

2.169380 

2.17231* 

2.175222 

2.178**3 

2*180986 

2-183839 

2,157759 

2.160769 

1.163757 

2.166726 

2.169674 

2.172603 

2.175512 

2.178401 

2.181272 

2.184123 

2.1 58061 
2.161068 
2.164055 
2. 1 6  70  s  2 
2. 1639968 
2.172895 
2.175802 
2.178689 
2.181558 
2.184407 

302 

301 

299 

297 

295 

292 

291 

289 

287 

285 

283 

281 
279 
278 
276 
■2  74 
272 
271 
269 
267 
266 

2.186108 

2.188928 

2.191730 

2.194514 

2.197281 

2.200029 

2*202761 

2.205475 

2*208172 

2.210853 

2.213518 

2.186391 

2.189219 

i.192010 

2.194792 

2.197556 

2.200303 

2.203033 

2,205745 
2.20844* 
2,21  1 120 
2.213783 

2.186674 

2.189490 

2.192289 

2.195069 

2.197832 

2,200577 

2.203305 

2.206016 

2.208710 

2.211388 

2.214049 

2.186956 

2.18977* 

2*192567 

2.195346 

2:198107 

2.200850 

2.203577 

2.206286 

2.208978 

2.211654 

2.214314 

2.187239 
2.19005 1 
2.292846 
2.195623 
2*198382 
2.201x24 
2.203848 
2.206556 
2.209247 
2.20921 
2.214579 

164 

165 

166 

167 

168 

169 

170 
I7T 

172 

173 

174 

2  216166 
2.218798 
2.221414 
2-224015 
2  226600 
2.22917c 
2.23*724 
2.234264 
2.236789 
2.239299 

2.241795 

2.216430 

2,219060 

2.22l675 

2.224274 

2.226858 

2.229426 

2.231979 

2.2345*7 

2.23704* 

2.239550 

2.242044 

2.216694 

2.219322 

2.221936 

2.224533 

2.227115 

2.229682 

2,232233 

2.23477° 

2.237292 

2.239800 

2.242293 

2.216957 

2.219584 

2.222x96 

2-224792 

2-227372 

2-229938 

2.232488 

2.235023 

2-237544 
2. 2400  50 
2.242541 

2.217221 

2.219846 
2,222456 
2.22505 1 
2.227630 
2.230193 
2.232742 
2.235276 
2-237795 
2,240300 
2.24s?90 

264 

262. 

261 

259 

258 

256 

254 

253 

251 

250 

249 

*75 

176 

1 77 

178 

179 

180 

181 

182 

.s? 

184 

!  18s 

2.244277 
2.246745 
2.249198 
2.25 1638 
2.254064 
2.256477 
2.258877 
2.261263 
2.263636 
2.26S996 
2.268344 

2.*44524 

2.246991 

2.249443 

2.251881 

2.254306 

2.256718 

2.259116 

?926l50I 

2.263873 

2.266232 

2.268578 

1.244772 
2.247236 
2.249687 
2.252125 
2.254548 
2.256958 
2.259355 
2.261738 
2.264109 
2.266467 
2.2688  5  2 

;  2.245019 
2.247482 
2.259932 
2.252367 
2.354790 
2.257198 

2.259594 

2.261976 

2.264345 

2.266702 
i  2.269045 

2. 245266 

2.24772k 
2.2501  76 
2.2526IC 
2.255031 
2.257439 
2.259833 
2  *622 14 
2.265  582 
2.266937 
2.269279 

248 

246 

245 

243 

242 

241 

239 

238 

237 

235 

234 
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O  | 

a  ! 

2 

!  3 

j _ 4 

|4f 

1 86 

2  269513 

2.269746 

2.269980 

2.270213 

|  2.270446 

233 

i§7 

2,271842 

2.272074. 

2.27230  6 

2.272 ; 38 

2,272770 

232 

188 

2.274158 

2.274389 

2.274620 

t.  274850 

2.27508 a 

230 

189 

2-276462 

2.276691 

2*276921 

2.277151 

2.277380 

229 

190 

2  278754 

2.278982  : 

2*279210 

£•2  79439 

2.279667 

228 

191 

z. *8 1033 

2.28x261 

3.281488, 

2.281715 

2*281942 

227 

192 

2. £83301 

2.283527 

2.283753 

2,283979 

2.284205 

22  5 

193 

£.285557 

2.285782 1 

2.286007 

2.285232 

2.286456 

22S 

S94 

2.287802 

2.288025 

2,288249 

2.288473 

2.288696 

223 

IQS 

2.29OO35 

2.290257 

2.290480 

2.290732 

2,290925 

222 

1 

2.292256 

2.292478 

2.292699  | 

2.292910 

2  293141 

22  I 

1  *97 

2.294466 

2.294687 

2.294907} 

2.295 127 

2.295347 

220 

I  198 

2.296665 

2.296884 

2.2971041 

2.2973*3 

2.297542 

2ip 

599 

2.298853 

2.299071 

2.299289  j 

2.259507 

2,299725 

218 

2ogl 

_2.|OI03G 

2.301247 

2.301464  j 

2.30l68l 

2.301898 

217 

201 

2.303196 

2.303412 

2  303628 

2,303844 

2.304059 

216 

202 

2.305351 

2.305566 

2.305785 

2.305996 

2.306210 

215 

203 

2.307496 

2.307710 

2.307924 

2.308S37 

2.308351 

213 

204 

2.309630 

2.309843 

2.310056 

2.310268 

2.310481 

212 

205 

2.311754 

2.311966 

2.312177 

2.312389 

2.3x2600 

211 

206 

2.313867 

2.314078 

2.314*89 

2,314499 

2.31471° 

210 

207 

2-3 15970 

*..316180 

2.316390 

2.3i6599 

2.316809 

209 

20§ 

2.318063 

2.318272 

2.318481 

2.318689 

2.318898 

2oS 

209 

2.320146 

2.320354 

2.320562 

2.320769 

2.32^977 

207 

\  250 

*.  322219 

2.322426 

2.322633 

2.322839 

2.323046 

206 

2  II 

2.3  24282 

2.324488 

2.324694 

2.324899 

2.325105 

205 

212 

2.326336 

i.32654* 

2.326745 

2.326950 

2.327154 

204 

!  2I§ 

2.328380 

2.328533 

2.328787 

2#32899I 

2*329194 

203 

214 

2.330414 

2.330617 

2.33081,9 

2.331022 

2*331225 

202 

*15 

2.332438 

2.332640 

2,332842 

2:333044 

2.333246 

202 

21^ 

*•334454 

2.334655 

2,334856 

2.335056 

2.33$2j7 

201 

217 

2.336460 

t,  336660 

2.336860 

2.337060 

2.337260 

200 

2X8 

2.338456 

3.338656 

*.338855 

2.339054 

*-3S92>3 

199 

2  SQ 

2.340444 

2.340642 

2,34084° 

2.341039 

2.341^37 

198 

220 

2.34242? 

j  2,342620 

2.342817 

2.348014 

2.343212 

197 

22t 

2.344392 

2.344589 

1.344785 

2,34498E 

2.34517s 

196 

222 

2.346353 

2.346549 

2.346744 

2.346989 

2.347135 

195 

*23 

2.348305 

2*3485°° 

2.348694 

2.348889 

2.349083 

194. 

224 

2.350248 

2.35044* 

2,350636 

2.350829 

2.351023 

193 

22$ 

(2.352182 

7.352375 

2.352568 

2-35276I 

2,352954 

193 

226 

2.354108 

2.354301 

2.354493 

2*354684 

2.354876 

192 

227 

2.356026 

2,356217 

2,356408 

2-356559 

2,356790 

191 

228 

2-9S793') 

2.358125 

2,358316 

2.3  58506 

.2.358696 
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Num. 

$ 

1  6 

7 

8 

i  #  . 

,49/ 

186 

2.270679 

2.270912 

2.271 144 

2.271377 

I  2  271,009 

!  s33 

i87 

2.273001 

2.273233 

2.273464 

2.273696 

2.279927 

232 

388 

2. 275  3  1 1 

2.275544 

2.275772 

2.276002 

2.276232 

230 

189 

2.2,77609 

2.277838 

2  278067 

2.278296 

2.278525 

229 

190 

2-279&9J 

2.280123 

2.28035  i 

2.280578 

2.28 :8o6 

228 

191 

2.282169 

2.282395 

2.282622 

'  2,282849 

2.28307$ 

227 

192 

2.28443  f 

2.2846316 

2.284882 

2.285 107 

2.-8533,2 

226 

193 

2.28668i 

2.286905 

2.2871^0 

2;2§7354 

2.287578 

225 

194 

2.288920 

2.289143 

2.289366 

2.289589 

2.289812 

223 

2.29  T 1 47 

2.291369 

2.291591 

2.291 8  ■  3 

2.292034 

222 

196 

2.293362 

2.293583 

2.293804 

a.  294025 

2.294  246 

221 

197 

2.195567 

2.295787 

2.296007 

2,.  >96  2  26 

2.296746 

220 

198 

2.297760 

2.297979 

2.298  *98 

2.298416 

2.298635 

219 

199 

2-299943. 

2,300160 

2.300378 

2.300595 

2.309813 

218 

200 

2.302114 

2.302331 

2-302547 

2.302764 

2.302980 

217 

501 

2.304275 

2.304490 

2-304706 

2.304921 

1.305136; 

216 

202 

2.30642$ 

a.306639 

2-306854 

2,307058 

2.307282! 

21$ 

203 

2.308564 

2.308778 

2^08991 

2.309204 

2.309417! 

213 

204 

23 1069? 

2.310906 

2-311118 

2.311330 

^•.3 1 1 5421 

5=  12 

205 

2,312812 

2.313023 

2.313234 

2-3*344$ 

z.313636: 

21  I 

206 

2.314920 

2.3151301 

2.315340 

2.31555° 

2  315766 

2  lO 

207 

2.317018 

s  317227 

2.317436 

2.317645 

M*7S54' 

209 

208 

2.319106 

^>319314 

2.3 19522 

2.319730 

2.3I99T8; 

208 

209 

z.  321184 

*..321391 

2.321598 

2.321805 

2.32,012 

207 

210 

2.323252 

2.323458 

2.323664 

2.323871 

2.324077; 

2c6 

211 

2-325310 

2.325516 

2.325721 

2.325926 

2.3261  3  ij 

20$ 

212 

2-327359 

2.327563 

2.327767 

2.327972 

2.328176: 

20| 

'  213 

2-329398 

2.329601 

2.329804 

2,330008 

2.33O2I  I 

20  3 

214 

2-33 1427 

2.33  *630 

2-331832 

2,332034 

2,332236 

202 

23$ 

2.333447 

2.333649 

s.533850 

2,334051 

2.3342  531 

202 

216 

2.33^453. 

2,335658 

2-33^859 

2-3  360-5  9- 

2  336259 

20  1 

217 

2.3374$  V 

2  337059 

2.337858 

2-3  38058  1 

2,330257 

SCO 

2l8 

2.339451 

2.339650 

23  39849 

2.340047 

2.34O246 

■  199 

219 

2.341434 

2.341632 

2.341830 

2,342028 

2.542225  1 

rp8 

220 

2.343409 

2.343605 

2.343802 

2.343999 

2.344*96 

197  s 

221 

1,345327 

2  345570 

2.345766! 

2,345961 

2.3461  17! 

.196 

222 

2-34738  - 

2.347525 

2.347720* 

2.3479 '5 

2.3481  ^of 

i9S 

223 

2.349277 

2.349472 

2.349666 

2,349860 

2-350054.! 

194 

224 

2.35  1216 

2.35 1410 

2-?5!6o3 

2,351796 

2-3$  19^9! 

3  93 

22$ 

2.353146 

2.353239 

2-358582{- 31,353724 

2*3  $39*  61 

.  *93  ! 

226 

2-355068 

2.355.26.0, 

2-3  5  $4$  i 

2,355643 

2.355834! 

i9* 

'227 

2  356981 

2.357172 

2.357363 

i-3V7^4 

2.3577441 

*9l 

208! 

2.t?58886 

2.359076 

2  359266 

2:3  594$  6 

2  ,3  <  0  6  40 
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1  Num. 

0 

i 

2 

3  __ 

1  229  2 

459835  2 

.360025  2 

•  360215  5 

1.360404  2* 

j  230  2 

461718  2 

.361917  2 

..362IO5 

2.362294  2* 

1  23 1  2 

463612  2 

,.363800  2 

.•363988 

2.364176  2* 

I  232  3 

1.365488  ^ 

>.365675  2 

..365862 

1.366049  2.. 

1  233  ' 

*  367356  j 

1.367542  2 

.467728 

2,367915  2* 

1  234  ' 

2.369116  j 

1369401  s 

*•369587 

2,36977*  2« 

1  2?5  ' 

2.371068 

2.371253  3 

2.37H37 

*471622  2. 

1  236 

2.372912 

2.373096 

2.373280 

24373464  2 

1  237 

1474748 

t-374932 

1  37**1$ 

2475298  2 

1  238  I 

1476577 

*,376759 

2476942 

2.377124  2 

27  g 

1*378398 

2.378580 

>.37s76i  j 

2.3  -8943  2 

j  240 

1.380221 

2,380392 

248OS73! 

2.380754  2 

1  241 

2482017 

2.382197 

2.382377'! 

2.38457  2 

1  242 

2483815 

2.383995 

1.384174 

2484353  2 

i  243 

2*385606 

2485785 

2.385964 

2.386142  2. 

1  244 

2.38739° 

2.387568 

2»387746 

2.387923  2 

j  245 

2.389166 

2.389343 

2.3895  2° 

,2.389697  2 

I 

2.390935 

249 1 1 1 3 

£.391288 

2.391464  2 

2.392697 

*-392873 

2.393°48 

2.393224  2 

1  A 

2.39445 2 

2.354627 

2494802 

1-394977  3 

249 

2496199 

2.396374 

2496548 

2496722  2 

250 

2.39794° 

2.3981 14 

2498287 

2.398461  5 

251 

2.399674 

2  399847 

24OOO2O 

240OI92 

252 

2  40140° 

2.40157? 

2.401745 

S.4OI917 

252 

z.4°3i2° 

2.403292 

2403464 

2.403635 

254 

2  404834 

2.405005 

2405i75 

2.405346 

255 

2-40654° 

2406710 

2.40688 l 

2.40705  I 

256 

2  408240 

2408409 

2.4°8579 

2408749 

257 

1.409933 

2  410102 

5.410271 

2.41O44O 

258 

1.411620 

2.41 1788 

241  1956 

2.412124 

259 

2.4133°° 

2.413467 

2413635 

2413802 

260 

2.4*4973 

2415140 

2.4153°7 

2.415474 

261 

24V6640 

2416807 

2416973 

2417*39 

26a 

|  a .  4 1  ^  3  0 1 

2418467 

2.41 86  3  3 

2418798 

265 

24*9956 

2.4201  2  1 

242028^ 

2.420451 

V 

264 

3.421.604 

2421768 

2421933 

2.42S097 

265 

2.42  324C 

2.42341C 

2.423573 

2423737 

266 

2424^82 

2  425045 

2  42520S 

2425371 

267 

2.4265 1 5 

■  2.426674 

2.42683d 

2.426999 

268 

,  24281.35 

2428297 

2428455 

)  2.428621 

269 

a429752 

2.42994 

243007  <5 

2.430236 

270 

243464 

2.43  1525 

2.431685 

2.43*846 

\  27 

7422969 

2.43  3129 

a.433  59c 

1  24334^0 

£91641 


2407221 

2408918 

2410608 

2412292 

241397° 

2415641 

2417306 

241896. 
2420616 

242226 

24239°* 
2425534 
2427*6 
4428782 
2430398 

2.432007 
2  4336 'O 
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Nam 

5 

6 

7 

8 

9 

~W- 

229 

2.360783 

2.360972 

2.361 1 61 

2.361 350 

2.361539 

t  *89 

230 

2.362671 

2.362859 

2.363048 

2.363236 

2463424 

188 

231 

2.364551 

2.354739 

2.364926 

2.365 1 13 

2.365301 

188 

232 

2  366423 

2.366610 

2.366796 

2.366983 

2.367169 

*87 

233 

2.368287 

2.368473 

2*368659 

2.368844 

2.369020 

186 

234 

2.370143 

2.370328 

2470513 

2.370698 

2.370883 

185 

23$ 

2.371991 

2.372175 

2.372360 

2.372544 

2.372728 

184 

236 

2.173831 

2.374015 

2.374*98 

2474382 

2.374565 

184 

237 

2.375664 

2.375846 

2.376029 

2.376112 

2.376394 

183 

238 

2*377488 

2.377670 

2.377852 

2.378034 

2478216 

182 

239 

2’3793°5 

2.3794s; 

2.379668 

2.379849 

2480030 

"Tii 

240 

2.38HI5 

2.38  1296 

2.381476 

2.381656 

2.381837 

l8l 

241 

2.382917 

2.383097 

2.383277 

2.383456 

2.383636 

l80 

242 

2.384712 

2.38489I 

2.485070 

2.385249 

2.385427 

*79 

243 

2.386499 

2.386677 

2.386855 

*•387034 

2.387212 

178 

244 

2.383279 

2.388456 

2.38S634 

2.388811 

1488989 

178 

245 

2.39005  I 

2.390228 

2.390405 

2.390582 

2.390758 

*77 

.246 

2.39l8l7 

2.391993 

2.392169 

2.392345 

2.392521 

1 76 

247 

2-393S75 

2.393751 

2.393926 

2.394101 

2.394276 

176 

248 

5.395326 

2.395JOI 

2.395676 

2495850 

£.396025 

*75 

249 

2.397070 

2497245 

2,397418 

2497592 

24977^6 

*74 

250 

2.398808 

2498^81 

2.399154 

2.399327 

2499501 

173 

251 

24005  38 

240071* 

2400883 

2401056 

2401228 

*73 

2$2 

2.4O2I61 

2402433 

2.402605 

2.402777 

2.402949 

172 

*53 

2.403978 

2.404*49 

2.404320 

2.404492 

2404663  ! 

*7*1 

254 

2.405688 

2405858 

2.406029 

2.406199 

£406370^ 

1 7  *  j 

255 

2.407391 

2407  561 

2407731 

2407900 

2408070 

17c 

256 

2.4O9087 

2.4092  57 

2409426 

2409595 

2409764 

1691 

257 

2.410777 

2  410946 

2411*14 

2.411283 

241 145  i 

163 

258 

2.4I2460 

2412628 

2.4127  96 

2412964 

2413 132 

1681 

259 

2.414137 

2.414305 

2.414472 

2414639 

2414806 

1 67  j 

260 

2.41  5808 

24*5974 

2416141 

2416308 

2416474 

1 671 

26l 

2*417472 

2417638 

2.417804 

2417970 

2. 4 1 8 1 3  5 

166 

262 

2.419*29 

2419295 

2,419460 

2.419625 

2419*91  j 

*65 

263 

2.420781 

2420945 

2421 110 

242127:5 

2421439 

165 

2^4 

2.422426 

2.42259O 

2422754 

2.422918 

2.423082 

164 

265 

2.424O64 

2  424228 

2424392 

24245*4 

2.424718  j 

•  *63 

2  66 

2.425697 

2425860 

2.426023 

2426186 

2.420349  j 

163 

267 

2427324 

2.457486 

2427648 

2.42781 1 

2427973; 

362 

268 

2428944 

2429106 

2429268 

•  ^9429 

242959*  j 

162 

269 

2430559 

2430720 

2430881 

2431042 

2.43.203 

1 6 1 

*70 

£.432167 

t.4|2328 

2432488 

2.43  2649 

2.432809  : 

1 6c 

271 

2433770 

2433930 

2.434090 

2.4.34249  | 

24  44 .Op  l 

1 6 .  | 

X  ft 


(  124  ) 


A  Table  of  Lo  ;a.tithms. 


Num 


Q 


272}  24*4  569 


273  j  2.4?6l63 
2/4|2*4^775  i 


2.43472S  I2.434888 


2  436481 
2.438067 
2.4.39648 


2.436322 
2.437909 
27 <  I  2.439333  1  2-43949*  p.43904^ 

276  1  2.440909  j  2.441066  1 2.44 1 224 

277  I  2.442480 

278  2.44404 5 

279  ?  2.445604 
280}  24471s8 
2.8 1 j  2.448706 


2.442636  2.44279$ 
2. 444 20 1  2444357 


2.445760 

2447313 

2448861 


082  *  2450249 
2gJ2.45i786 
284  M533iS 

2.454845 
2456366 
2.457882 

245919.2 

2.460898 
2.462398 

2.463893 

2.465383 
2*406868 

2.468347 

2.46>82z 
2.471292 
2.472756 
2.474216 

•247567 1 
2.477 1 21 

2.478566 

2480007 

2.481443 


1450403 
2.45 1940 
2453471 
2454997 
2.4565 18 
2458033 
2459543 


24459*5 

2.447468 

2.4490  V) 


2.435048 
2.436640' 
2438226 
2.439806 
2.441381 

244295° 

2.4445 1 3 
2446071  | 
2447623 

2.449_i7Q 

"2.4507^ 1 

2.452247 
245  3777 
2-45  5  3°2 
2456821 
2.458336 


Dig 

159 

159 

158 

158 


2.45°557 
2.452093 
2.453624 

2.455149 
2.456670 
2458 184  -  . 

2.4596941  2.459845 
2461048! 2461198  246i|48 
2462548  2462697  i«402®47 
2464042  2464191  |  2.464340 
-.4655 3 2  j2  465680 1  2465829 

2467016  j 2.467 1 64  j  2.4673 1 2 


2.435207 
2436798 
2.438384 
2.439964 
2441538  157 
2.443 106 
2444669 
2.446226 
2.447778 


2.449 


324 


2.482874 
2.4843°° 
2.485721 

1  307  1  2.4'°  7  13® 

3o5 '  *488)^ 
2.4899') 0 


309 

310 
3 !  1 


2.491362 
■2492760 
2.494155 
2.495  544 
2.4969  3° 


2.468495 

2.46096Q 

M7H38 
2.472903 
2474362 
2.475816 
2477266 
2.478711 
2.4801 5 1 
2.48 1586 

2483016 

2.484442 

2.485863 

2487280 

2488692 

2490099 

2491502 

2.49290° 

2494294 

495683 


2450865 

2452400 

2-45393° 

2.455454 

2.456973 

2.458487 

2.459995 
2.461 498 

2.462997 

2.464489 

2.465977 


2.468643  2.468790 
2.470516  2470263 
2471585 .2.47173* 
2473049;  2473*95 
2.474508  2.474653 
,2475962  2.476107 
2.47741 1 . 2.477555 
2.478855  2.478999 
2.480294  2.480438 
2.48 1729  j  2481872 

2483  159  i2.4-83302 
2484584I  2-484727 

2  486005  2.486147 


157 

156 

MS 
155 
1 54 
154 
1 5  3 
M3 
152 
152 

*5* 

i$o 

M° 
149 
149 

2.467460  (148 
2.468938  147 

2.470+10  I  *47 
2.471878  146 

2.473341  j  146 

2.474799 
2.476252 
2.477700 

2.479  M3 

2.480582 

2.482016 


2487421 

2,488833 

2.490239 

3.491642 

2  493°4° 

2.494433 


2,487563 

2.488973 

2.490380 

2,49M82 

2.493179 

2.494572 


2.495822  J  3.495960 
2.497068  i  2.497 ?-°6  ‘  2,497344 


2483445 
2.484869  14^ 
2486289  ’  142 
2,487704 
2.489114 
2.490520 
2.491922 

2.4933 1 9 
2.49471s 

2.496099 
2.497482 


141 

141 

140 
140 
139 
139 
139 
1 38 


from  i  to  10000 


! 

Num 

5 

272 

2-4353  66 

273 

2-436957 

274 

2.438542 

275 

2.440122 

276 

2.441695 

277 

2.443263 

278 

2.444825 

279 

2446382 

280 

2-447933 

281 

3-449478 

282 

245  iox8 

283 

2.452553 

284 

2.454082 

285 

2.45560  6 

286 

2.457125 

287 

2  458638 

288 

2.460146 

289 

2461649 

290 

2.463 146 

291 

2464639 

292 

2.466 126 

&93 

2.467608 

294 

2469085 

295 

2.470557 

296 

2.472025 

397 

2473487 

298  j  2.474944 

’  299 

2476397 

gOO 

2477'4* 

§OI 

2479287 

302 

2.480725 

303 

2.4H2  1 59 

304 

2.483587 

305 

2485011 

306 

2486430 

307 

2.487845 

308 

2489255 

309 

2490661 

310 

2492062  j 

311 

2493458 

312 

.2  49485° 

3M 

1 2496237 

3 1+ 

2.497621 

6 

2 

2435526 

2.437116 

2.438700 

2.440279 

2441852 

24434*9 
2.44498 1 

2.446537. 

2448088 

2449633 

2.43568$ 

2437275 

2.438859 

2440437 

a -44  200  y 

2-443576 

2-445 1 37 
2-446692 
2.448242 
2.449787 

2,45  1 172 

2.451326 

2.452706 

2452859 

2.454235 

2.454387  . 

2.455758 

2.4559*0 

2457276 

2457428 

2.458789 

2458940 

1460296 

2.460447 

2.461799 

2. 461948 

2.463296 

2.463445 

2464787 

2.464936 

24662  74  j 

2466423 

24677  56 

24679.4 

2.469253 

2.469380  " 

247O7O4 

2.47085  5 

2472I7I  2472317 

2473633 

2473779 

2475090 

2.475^3  5 

2.476542 

2.476687 

2  4779  *9 

-478*33 

247943* 

2.4795/5 

2480869 

2  481012 

2482302 

2.482445 

2.483730 

'>.483872 

248  5 153 

2-485295 

2486572 

2486714 

2487986 

2488127 

2.489396 

2489537 

2.490801 

2.49094* 

j  2.492201 

2.49234* 

2493597 

2-493737 

2494789 

2.495  1  28 

,  2.496376 

2.496514 

2497759 

2.  ’97 -97  ’ 

243$844 

2.437433 

2-439017 

2.440594 

2.442166 
2.443732 
2.445  293 
2.44684S 

24:8397| 
2.44994 1 


2.436003 

2.437592 

2.479  *75 

2.440752 

2.442323 

2.443888 

2445448 
24.47003 
2.448552 
2.45009  s 


2.451479] 

2453°12  | 

,2454540 
2.456062 ! 

*•4575  79  ! 
2.15959* ! 
2460597 ; 
2462098  ; 

246359-!*  ; 

2.465085  ' 

2.166  7  I  ! 

*  '  1 

2.468O52  , 

2469527 

2.47O998 

2.472464  ' 

2473925 

2.475.381 

24768'32 

2.478278 

2479719 
248  l  156 
2..4824'88 

2.48401 5 

2.485437 

24868-4 
2.488  >69 
2: 1.89677 
2.49108 1 
2492488 
2. 193876 
*$49  5  267 
249665.3 

2498035 


245^633 


15 .9 

159 

158 

i$8 

157 
157 
s  56' 
155 
I  5  5 

1 59 
154 
M3 

M3 

152 

152 

I  5  i 

151 

1 5° 

1 50 


149 


2  4?M5$ 
2.454692 

2.456214 
2.457730 
2.459242 
2.460747 

2462248 
2463744 

2  465234 

2,466719  _ 

2468200  j  J48 
2469675  !  147 
2471145  I  147 
2.4726*0  146 

2.474470  | 
27.75526  | 
2.470  976! 
2478432] 
2.4798.63) 

243  1299  | 

'2.48273 1  i 


146 
2  46 
145 

545 

1 4  4 


*43 

143 

142 

142 

I41 


X  3 


2.  484  i  5  7 

2485579 
2486997 

2.488410 
2.489818!  I41 
249*222 
2492621 
2.494015  ^ 
2:49540 6  j 
2.496791  ‘ 
7498173! 

“1 — 


140 
1 3.9 
139 

139 

tl8 


(  126  ) 


A  Table  of  Logarithms, 


Num 


316 

317 

31S 

319 

320 
§21 

322 

323 

321 


325 

326 

327 

328 

329 

330 

331 

332 

333 

334 
1..  335 
133  6 

337 

333 

339 

340 

341 

342 

343 


o 


2.4983 1 1 
2.499687 

2.5OIO59 
2.502427 
2.503791 
2.505150 
2.506505 
2.50785  6 
2.509202 
2.$IO<45 
2.51188-: 
2.513218 
2.514548 

2.51587*1 

2.517196 

2.518514 

2.5 19828 
2.521 138 

2.522444 

2.523746 

2.52504$ 


2.498448  12.498586 


2.526339 

2.527630 

2.528917 

2*530200 

2.53 1479 
2.532754 

2.534026 

2.535294 

2.536558 


2.499824 
2.501 196 
2.502564 
2.503927 
2.505286 
2.506640 
2.507991 
2.509337 
2.510679 


2.512017 

2*514680 
2.5 16006 
2.517328 
2.518645 
2.519959 
2.521269 

2.522575 

2.52 


2  4'99P62 

2.501333 

2.502700 
2.504063 
2.505421 
2.506775 
2.508125 
2.509471 
2.510813  I2.510947 

2.5 12150  I  2.5x2284 
2.513484  2.$i36i7 

2.514813U.514946 
2.516139  2.516271 


_ _ l _ 

2.498724 
2.500100 
2.501470 
2.502837 
2.504199 
2.505557 
2.50691 1 
2.508260 
2.509606 


2.498862 

2.500236 

2.501607 

2.502973 

2.50433$ 

2.505693 

2.507046 

2.508395 

2.509740 

2.511081 

2.512417 

2.523750 

2.515079 

2.516403 


2.517460  2.517592  2.517724 
2.518777  2-518909  2.519040 
2.520090  j  2.520221  2.520352 
2  521400  j  2.521530 .2.521661 
2.522705:2-522835  [2.522966 
2.524006  2.524136  2.524266 

2.525174;  2,525304  2>S>  5433 

2*526468127526598  2.526727 


2.537819 


344 

345, 

.iif  1 2.539076 
347  1 2.540329 

2.541579 


348 

349 

350 

35 1 

252 

353 

354. 


2.527759  2.527888  2.528016 
2.529045 12.529174!  2- 529302 
2.530328  2.530456  2.530584 
2.531607  2.531734  2.531862 
2.532882  2.533009 ; 2.533: 36 
2.534153  2.534280,2.534407 
2.535421  2.535547  I2*535^4 
2.536811  12.536937 
2.538071  2*538  97 
2.5  39347  i  2.53945  2 


2.536685 

2.537945 

2.539202 


2.540455 

2.541704 

2.542825  2.542950 
2.544068  2.54419 


2.545307 
2.546543 

2.547775 
2.549003 
355  2.550228 
I  356  2.551450 


2.545431 

2.54*666 

2.547898 

2.549126 

2.^5035 1 
2.55157 


357  ^2.^2668)2.552790 


2,540580  j,2554°7°5  2.540830 
2.541829  12.541953  2.542078 
2.543074 j  2* 543 1 99  2*543323 
2.544316  2.544440  2.544564 
2.5455$4  :  2.545678  2-545^02, 

2.546789  1 2.54691 3  2.547036 

2.54802'  ! 2,548144  2.548266 
2549249  2.549371  2.549494 
2.550473  2.550595  2.550717 
2.551694  2-5518*6  2.551938 
olc^OlI  2.5^033  12.551*54 


2-525563 
2.526856 
2.528145 
2.52943O 
2.5307  12 
2.531989 

2*5  33263 
2.534534 
2.535800 

2.537063 

2.538322 

2.539578 


138 

137 

137 

136 

136 

136 

135 

*35 

134 

ij4 

*33 

133 

133 

132 

132 

132 

1 3 1 
131 

130 

130 

130 

129 
129 
128 
128 
128 
127 
127 
12  6 
126 
1 26 

*^5 
1 25 
i*5 
124 
124 
124 
123 
123 
123 
122 
122 
121 


from  i  to  i oooo. 


c 


Num 


315 

316 

317 

318 

319 

320 

321 

322 

323 

324 


325 

326 

327 

328 

329 

330 

331 

332 

333 

334 

335 


336 

337 

338 

239 
§  to 

341 

342 

343 

344 

345 

347 

348 

349 
3$o 

351 

352 

353 

354 
311 
31 6 
357 


2.498999 

2.500374 

2.501744 

2,503109 

2.504471 

2.505828 

2.507181 

2.508530 

2.509874 

2.511215 

1.51255 1 
2.513885 
2. 5 1 5  2 1 1 
2.5 1653*5 
2.517855 
2.519171 
2.520483 
2.521792- 

2*523096 

2.524396 

2.525692 

2.526985 

2.528274 

2.529559 


2.499137 
2.50051 1 
2.501880 
2.503246 
2.504607 
2.505963 

2.507316 

2.508664 

2.510008 

2.511348 


8 


2.5 12684 
2.514016 

2.515344 
2.5 16668 
2.517987 

a. 519303 
2.520614 
2*521922 
2.523226 
2.524526 
2.525822 

2.527114 


2.499275 

2.500648 

2.502017 

2.503382 

2.504743 

2.506099 

2.507451 

2.508799 

2.51014.3 

2.511482 


2.512818 

2.514149 

2.515476 
2.516800 
2.5181 19 
2.519434 

2.52074$ 

2.522053 
2.523356 
2  524656 

2.525951 

2.527243 


2.5  30840  j  2.530968 
2.532117  2.53224I 
1.'1331 


2.528402  j  2*528531 
2.529687 


2-533391 

2.534661 

2-1319J7 
2.537189 
2.538448 
2.5  3970  3 


2.534787 

2.536053 

2.537315 

2.538574 

2.539829 


2.540955  j  2.541080 
2.542203  ja- 542327 
2.543447  2*54317i 

2,5446^8  1 2.544812 


2.545921 

2*547119 

2.548389 

2.549616 

2.550840 

2.112059 

2.113276 


2.546049 

2.547282 

2,148512 

2-149739 
2.550962 
2.55218 1 
2.513^97 


2.529815 

2.531095 

2.532372 

2.533645 

2.534914 

2.536179 

2.J3744i 

2  538699 

2.539954 


2.541205 

2.542412 

2.543696 


2.499412 

2.500785 

2.502154 

2.503518 

2.504878 

2.506234 

2.507586 

2.508933 

2.510277 

2.511616 

2.5  12951 
2.5  14282 
2.515609 
2.516932 
2.518251 
2.519565 
2.520876 
2.522183 
2.523486 
2.524785 
2.526081 

2.527572 

2.528660 

2.529943 

2.531223 

2.532500 

2,533772 

2.535041 

2.536306 

2.537167 

2.538825 

2.540079 

2.541330 

2.542576 

2.543820 


42.49955° 

2.500922 
2.502290 
2.503654 
2.505014 
2  506370 
2.507721 
1.509068 
2.510411 
2.511750 

2.513084 

2.514415 

2.515741 

2.517064 
2*5 18382 
^.519697 
2.521007 
2.522314 
2.52361 6 
2.524915 
2.526210 

2.527501 

2.528788 

2.530072 

2.531351 

2.532627 

2.533899 

2.535167 

2.536432 

2.537693 

2.538951 

2.540204 


2,544936  2.545060 


2.546172 

2v$474°1 

2-548635 

2-549861 

2-551084 

2.552303 


2.546296 

2.547129 

2.548758 

I49984 

2.551206 

2.552425 


2.5  5jj,i  9  j  2.553640 


2.541454 

2.542701 

2.543944 
2.545 183 
2.546419 
2.547652 
2.548881 
2.550106 
2.551328 
2.552546 
2  553762 


(  328  )  A  Table  of  Logarithms 


Num 

0 

j  i 

2. 

3 

--  4  | 

Diff 

358 

2  5  5  3  8  8  3; 

I  ^.554004 

(2.554126 

2-554247 

2.554368I 

121 

3S9 

2*545094 

S.-5  552t5 

» 2.555336 

2-55-54.57 

2.5  55  578 

1 2 1 

■  360- 

2*556302 

2.556423 

2.556544 

2.556664 

2.556785 

121 

361 

2*557507 

2.5  57627 

2.557748 

2  557868 

2.557988 

120 

362 

2-558709 

2. 5  5  S  8  2  8 

2.558948 

2.5  59068 

2  559188 

120 

363 

2.559907 

2.560026 

2.560146 

2.560265 

2.560385 

120 

364 

2.561  <oi 

2. 56  5  22 1 

2.561340 

2.561459 

2:561578 

119 

-,6r 
5°  ' 

2.562293 

2-562412 

2.562531 

2.562650 

2.562768 

I  19 

366 

2.56348  s 

2.563600 

2.563718 

2.563837 

2.563955 

i?9 

367 

2-564666 

2.564784 

2.564903 

2.565021 

2.565  139 

1 18 

368 

2  565848 

j  2.565966 

2.566084 

2.566202 

2.566  20 

1 18 

369 

2.567026 

2.567144 

2.567262 

2.567379 

2  567497 

1 18 

370 

2.568202 

2  568319 

2.568436 

2  56*554 

2.568671 

117 

371 

2.569374 

2.569491 

2.569608 

2.569725 

2.569842 

117 

372 

2.570543 

2.570600 

2.570776 

2.570893 

2.571010 

117 

373 

2.571709 

2.571825  i 

2.571942 

2.572058 

2.572I74 

1 16 

374 

2.572872 

2.572988 

2.573104 

2.573220 

4-573336 

i  16 

37$ 

f  2.574031 

2,574147 

2.574263 

2o?437 9 

2-574494 

ll6 

376 

2.575  l88 

2.575303 

2.575419 

2*575534 

2.575650 

377 

2.576341 

2.576456 

2.S76572 

2.576687 

2.576802 

u  5 

378 

2.577492 

2.577607 

2.577721 

2.577836 

2.577951 

1 15 

719 

2.578639 

2.578754 

2,578868 

2.578983 

2,579097 

114 

380 

2.579784 

2,579898 

2.580012 

2.580126 

2.5802.40 

14 

381 

2.  580925 

2.581039 

2.581153 

2.  ,81267 

2.581 383 

1 5  4 

382 

2,582063 

2,582177 

2.582291 

2.582404 

2,5825 18 

i  14 

583 

2.583199 

2.58331  2 

2*583425 

2.583539 

2.583652 

1  1  ? 

284 

2  584331 

2.584444 

2  584557 

2.584670 

2.584783 

1  1  3 

38s 

2.585461 

2-5s073 

2*585686 

2.5  8  s  799 

2.5859  s  2 

112 

38,6 

2.586587 

2.5867OO 

2*5  868 1 2 

2.586925 

2.587037 

112 

387 

2  5877I i 

2.587823 

2.5S79J5 

2.588047 

2.588160- 

1  12 

288 

2.588S32 

2. 5  8.8944 

2.589055 

2.589167 

2.589279 

1  I  2 

389 

2,589950 

2.590061 

2.590173 

2.590284 

2.590396 

5  12 

390 

2.59IO65 

2.591 176 

2.591287 

2.59139S 

2.5915 10 

1  i  I 

,  391 

2.592I77 

2.592288 

2.592399 

2-592510 

2.502621 

III 

’  3‘92 

2.593286 

2-593397 

2.593508 

2.593618 

2.593729 

1  1 S 

393 

2.594392 

2.<94503 

2  594613 

2.594724 

2.594834 

no 

394  f 

2,595496 

2.595606 

2.595717 

2.595827 

5.595937 

110 

■  295 1 

2.596597 

2.596707 

2,596817 

2.5969.27 

2.5970S7 

1 10 

396  j 

2.597695 

2.597805 

2.597914 

2.  s 98024 

2.598134 

I  10 

397 

2.59879O 

2.5989OO 

2.599009 

2.599119 

2.599228 

109 

398  I 

2.599883 

2.599992 

2.600101 

2.600216 

2.600319 

109 

1  399 1 

3.600973 

2.601082 

2.601 190 

2.601299 

2.601408 

109 

4°o  i 

2.60206c 

2,602 1 68  4 

2,602277  j 

2.602386  1 2.602494 

108 

from  i  to  ioooo*  C  329  ) 


Num 

75  s 

359 

360 

361 

3  62 

363 

364 

365 

366 

3°  < 

36S 

3^9 

370 

37 1 
37* 

373 

374 

375 

376 

377 

378 

5 

6 

7 

8 

9 

Diff 

121 

121 

120 

1Z0 

I20 

119 

119 

”9 

X19 

118 

7.554489 

2.555699 

2.556905 

2,558108 

2.559308 

2  560504 
2.561697 
2.562887 
2.564074 
2.565257 

2.554610 

2.555820 

2.557026 

2.5  58228 

2.559428 

2.560624 

2.561817 

2.563006 

2.564192 

2.565375 

2.554731 
2.555940 
2.557146 
2. <158348 
2.55954s 

2.560743 

2.561936 
2.563125 
643 1 1 
2.565494 

2.5548^2 

2.556061 

2.557266 

2.558469 

2.559667 

2.56086} 

2.562055 

2.563244 

2.564429 

2.565612 

2.554973 

2.556182 
2.-5  57387 
2.558589 

2.5597S7 

2  560982 
2.562174 
2.563362 
2.564548 
2.565730 

2.566437 

2.567614 

2.568788 

2.569959 

2.571126 

2.572291 

2.573452 

2.574610 

2-575765 

2.576917 

2.578066 

2.566555 

2.567732 

2.568905 

2.570070 

2.571243 

2.572407 

2.573568 

2*574726 

2.575880, 

2.577032 

2.578181 

2.566673 

2.567849 

2.569023 

2.570193 

2-571359 

2.572523 

2.573684 

2.574841 

2.575996 

2  577147 

2.578295 

2.566791 

2.567967 

2.569140 

2.570309 

2.57147  6 

2.572639 

2.573800 

2-574957 

2.576m 

2.577262 

2.578410 

2.566909 
a. 568084 
2.569257 
2.570426 
2.571592 

2-572755 

2.573915 

2.575072 

2.576226 

2-577377 

2.578525 

u8 

118 

117 

n7 

117 

116 

u6 

1 16 

^5 

“5 

379 

2.579212 

2.579326 

2.579441 

2-S795S5 

2.579669 

114 

380 

2.580355 

2.580469 

2*580583 

2.580697 

2»58o83  I 

114 

381 

2.581495 

2.581608 

2.581722 

2.58l836 

2.58l950 

114 

382 

2.58265 1 

2.^82745 

2.582858 

2.582972 

2.583085 

1 1 4. 

383 

2.583765 

2.583879 

2.583992 

2.584IO5 

2.584X18 

113 

384 

2.584896 

2.585009 

2.585122 

2.585235 

2.585348 

1 13 

385 

2.5^6024 

2.586137 

2.586*50 

2.586362 

2.586475 

113 

386 

2.587149 

2.587^62 

2.5S7374 

2.58748  6 

2.587599 

112 

387 

2.588272 

2.588384 

2.588496 

2.588608 

2.58872O 

112 

3  S3 

2.589391 

2-589<i°3 

2,589614 

2.589726 

2.<89838 

1 12 

3«9 

2.  ‘90507 

2.59O6I9 

2.590730 

2.590842 

2.590953 

1 12 

390 

2.591021 

2.591732 

2.591843 

2.591955 

2.592066 

1 1 1 

391 

2.592732 

2.592843 

2.592954 

2.593064 

2.593175 

111 

392 

2.593840 

2.59395° 

2.594061 

2-594*7* 

2.594182 

1 1  j 

393 

2.594945 

2.595055 

2.595*65 

2.595276 

2.595386 

no 

394 

2.596047 

2.596157 

2.596267 

2.596577 

2.596487 

110 

395 

2-5971:46 

2.597256 

2.597366 

2.597476 

2.5975s5 

up 

396 

2.598243 

2,598353 

2.598462 

2.598572 

2.59&681 

no 

397 

2.599337 

2.599446 

2-599556 

2.599665 

2.599774 

109 

398 

2.600428 

2.600537 

2-600646 

2.600755 

2.600864 

109 

399 

2.601517 

2.601625 

2.601734 

2.60l843 

2,60195 1 

109 

400 

2.602602 

2.602711 

2.602819 

2.602928 

2.603036 

108 

-f  (330) 

A  Table  of  Logarithms 

Num 

0 

1 

z 

3 

4 

w 

40  i 

£.603144 

2.603253 

2.603361 

2-603469 

2.603577 

108 

4°2 

2.604226 

2.604334 

2.604442 

2.604550 

2.604658 

io8 

403 

2*605  305 

2.605413 

2.605520 

2.605628 

2.605736 

108 

404 

2*606381 

2.606489 

2.606596 

2  606704 

2.60681 1 

107 

4°'/ 

2*607455 

2.607562 

2.607669 

2.607777 

2.607884 

l07 

406 

2.608526 

2.608633 

2.608740 

2.608847 

2.608954 

107 

407 

2*609594 

2.609701 

2.609808 

2.609914 

2.610021 

107 

408 

2*610660 

2.610767 

2.610873 

2.610979 

2.61 1086 

106 

409 

2.611723 

2.611829 

2.61 1936 

2.612042 

2.612148 

106 

410 

2-612784 

2.612890 

2.612996 

2.613102 

2.613208 

106 

411 

2.613842 

2.613947 

2.614053 

2.614159 

2.614264 

106 

412 

2.614897 

2.615003 

2.615 108 

2.615213 

2.615319 

105 

413 

2.615950 

2  616055 

2.616160 

2  616265 

2.616370 

105 

414 

2.617000 

2.617105 

2.617210 

2.617315 

2.6174*0 

105 

415 

2.618048 

2.618153 

2.618257 

2.618362 

2,618466 

105 

416 

2.619093 

2.619198 

2.619302 

2.619406 

2.619511 

104 

4i7 

2.620136 

2.62*3240 

2.620344 

2.620448 

2620552 

104 

418 

2.621176 

2,621280 

2.621384 

2.621488 

2.621592 

104 

4*9 

2.622214 

2.622318 

2.622421 

2.622525 

2,622628 

104 

410 

2,623249 

2,623353 

2.623456 

2.623559 

2.623663 

103 

421 

2.624282 

2,624385 

2.624488 

2.624591 

2.624694 

103 

422 

27625312 

2.625415 

2,625518 

2.625621 

2.625724 

103 

423 

2.626340 

2 626443 

2.626546 

2.626648 

2.626751 

103 

424 

2,627366 

j  2.627468 

2.627571 

2.627673 

2.627775 

102 

42$ 

2.628389 

2,628491 

2.628593 

2.628695 

2.628797 

102 

426 

2.629410 

2.6295 1 1 

2*629613 

2.629715 

2.629817 

102 

427 

2.630428 

2.630529 

2  63O63  ! 

1.63073? 

2.630834 

102 

428 

2.631444 

2.631545 

2-63I647 

2.631748 

2.631849 

IOI 

429 

2.632457 

2*632558 

2*632660 

2.632761 

2.632862 

101 

430 

2  633468 

2.633569 

2*63'3670 

2.633771 

2.633872 

IOI 

431 

2.634477 

2.634578 

2.634679 

2.634779 

2.634880 

IOO 

<  432 

25635484 

2.635584 

2*63568$ 

2.6357S5 

2.635886 

100 

1  433 

2.636488 

2.636588 

2,636688 

2.636789 

2.636889 

IOO 

434 

2.63749° 

•2.637590 

2.63769O 

2.637790 

2.637890 

IGO 

435 

2.638489 

2.638589 

2.638689 

2.638789 

2.638888 

•  99 

:  436 

2,639486 

2.639586 

2  639686 

2.6  39785 

2.639885 

99 

:  437 

2.640481 

2.640581 

2.640680 

2.640779 

2,640879 

99 

438 

2.641474 

2.641573 

2,641672 

2.64177! 

2.641870 

99  ■ 

449 

j  2.642464 

2.642563 

2.642662 

2.642761 

2.642860 

99 

440 

2.643453 

2.6435S1 

2.64365O 

2.643749 

2.643847 

98 

44* 

2  644439 

2.644537 

2.644635 

2:64  m  4 

2.644832 

98 

442 

1 2.645422 

2.6  155*° 

2.645619 

2.645717 

2.645815 

98 

4  44 

1 2*646404 

2,64650? 

j  2.646600 

2.616698 

!  2.646796 

98 

from  1  to  10000 

C  33l 

) 

Num 

5 

6 

7 

8 

9 

401 

2.60368$ 

2.603794 

2.603902 

2.604010 

2.604118 

I08 

402 

2.6  04766 

2.604874 

2.604982 

2.605089 

S.60519; 

108 

403 

2.605843 

2.60595 1 

2.606059 

2.606166 

2.606274 

IO8 

404 

2.606918 

2.607026 

*.607133 

2.607240 

2.607348 

107  * 

405 

2.607991 

2.608098 

2.60S205 

2.6083 12 

2.608419 

1C7 

40  6 

2.609060 

2.609167 

2.609274 

2.609381 

2.609488 

107 

407 

2.610128 

2.610234 

2.61034s 

2.610447 

2.610554 

I07 

408 

2.61 1 192 

2.611298 

2.6 1 1405 

2.611511 

2.61161  7 

106 

409 

2.612254 

2.612360 

2.6]  2466 

2.612572 

2.612678 

I06 

4*0 

2.6  3  3 1 3 

2.613419 

2.613525 

2.613650 

2.613736 

I06 

411 

2.014370 

2.614475 

2.614581 

2.614686 

2. 6^4792 

106 

412 

2.615424 

2.615529 

2.615634 

2.615740 

2.615845 

■i°5v 

413 

2.616475 

2.616580 

2.61 6685 

2.616790 

2.616895 

105 

414 

2.617,24 

2.617629 

2.617734 

2.617839 

2.61794, 

105 

415 

2.618571 

2.618675 

2.618780 

2.618884 

2.618989 

105 

416 

2.619615 

2.619719 

2.619823 

2.619928 

2.620032 

104 

417 

2.620656 

*.620760 

2.620864 

2.620968 

2.621072 

104 

4*8 

2.621695 

2.621799 

2.621903 

2.622007 

2.622110 

104 

419 

2.622732 

2.622835 

2  622939 

2.623042 

2.623146 

104 

420. 

2.623766 

2.623869 

2.623972 

2.624076 

2.624179 

103 

43! 

2.  62479s 

2.624901 

2.625004 

2.625107 

2.625209 

103 

4? 

2.625892 

2.625929 

2.626032 

2.626135 

2,626238 

103 

423 

2.626853 

2.626956 

2.627058 

2.62;  161 

7.627263 

103 

424 

2.6278  78 

2.627980 

2.628082 

2.628184 

2.628287 

102 

425 

2.628900 

2.629002 

2.629104 

2.629206 

2.629308 

102 

426 

2.629919 

2.630021 

2.630123 

2.630224 

2.630326 

102 

427 

2.630936 

2.63  1038 

2.631139 

2.631241 

2.631342 

102 

428 

2.6319s1 

2.632052 

2.632153 

2.632255 

2.632356 

IOI 

429 

2*632963 

2.633064 

2.633165 

2.633266 

2.633367 

101 

450 

2.633973 

2.634074 

2.634175 

2.634276 

2.634376 

ICO 

43 

2.634981 

2.635081 

2.635  *82 

2.635283 

j  2.635383 

IOO 

43  2 

2.635986 

2.636086 

2.636187 

f2  636287 

2.636388 

ICO 

433 

2.636989 

2.637089 

2.637189 

2.63728  9 

2.63735,0 

100 

434 

Z.63799Q 

2.638090 

2.638190 

2.638289 

2.638389 

99 

435 

*.63898 

2.639088 

2.639188 

2.649287 

2.639387 

99 

436 

2.639984 

2.640084 

2.640183 

2.640283 

2.640382 

99" 

437 

2  6409 7 8 

2.641077 

2.641176 

2.641276 

2.641375 

99 

-438 

2. 641970 

2.642069 

2  642168 

2.642267 

*.  642366 

f  99 

439 

2.642959 

2.643058 

2.643156 

2.643255 

2.643354 

99 

r44° 

2. 64  3  946 

2.644044 

2.644143 

2.644242 

2.644340 

98 

44  * 

2.644931 

2.645C2Q 

2.645  ^27  j 

2.645226 

|  2.64532‘4 

9«- 

442 

2.645983 

2.646011  1 

2.646109  | 

2.646208 

2.646306 

98 

A  A? 

2,646894! 

2.64699 1  j 

2.647089  f 

2.647187 

2  64,7285 

98, 

C  3  32  ) 


[A  Table  of  Logarithms. 


Hum* 

0 

1 

2 

3 

4 

Dim 

444 

2.647583 

2.647481 

2.647578 

2.647676 

.2,647774 

98 

445 

2.648360, 

2.648458 

2.648555 

2.648653 

2.648750 

97 

446 

2.649335 

2.649432 

2.649530 

2*649627 

2.649724 

97 

447 

2,61;  0307 

2.650405 

2.650502 

2.650599 

2.650696 

97 

44® 

2.651278  I 

2.651375 

2.651472 

2.651569  | 

2.651666 

97 

449 

2.652246  | 

2.6^  234? 

2.652440 

2,652536 

2.652633 

97 

45° 

2.653212 

2.653309 

2.653405 

2.653502 

2.65  3598 

96 

2.654176 

2.654273 

2.654369 

2.654465 

2.654562 

96 

452 

2.655138 

2.655234 

2.655331 

2.655427 

2.655523 

96 

453 

2.656098 

2.656194 

2.656290 

2.656386 

2.65648  s 

96 

45  4 

2.657056 

2.657151 

2.657247 

2*^57343 

2.657438 

96 

455 

2.65,80  u 

2.658107 

2.658202 

2.658298 

2.658393 

95 

456 

2.65896$ 

2.659060 

2.659155 

2.659250 

2.659346 

95 

457 

2.6<99 16 

2.66001 1 

2.660106 

2.660201 

2.660296 

95 

458 

2.660865 

2.660960 

2.661055 

2.66l  i  50 

2.661245 

95 

459 

2.661813 

2,661907 

2.662002 

2*662096 

2.6621 91 

95 

460 

2.662758 

2.662852 

2.662947 

2.663041 

2.663135 

94 

46 1 

2.663701. 

2.663795 

2.663889 

2.663983 

2.664078 

94 

462 

2.664642 

2,664736 

2.664830 

2.664924 

2.665018 

94 

463 

2.665581 

2.6656/5 

2.665768 

2.665862 

2.665956 

94 

464 

2.6665 

2.66661X 

2.666705 

2.666799 

i. 666  891 

94 

465 

2.667453 

1 2.667546 

2.667640 

2.667733 

2.667826 

93 

466 

4.668386 

2.668479 

2.668572 

2.668665 

2.6^8758 

•  93 

467 

2.6693*7 

2.66941c 

2.669503 

2.669596 

2.669689 

93 

468 

2.670246 

2.670339 

2.670431 

2.670524 

2.670617 

93 

409 

h.6  1173 

2.671265 

2.671358 

2.6714$! 

12.671543 

93 

47° 

i  2.672.098 

2.672190 

!  2.6.2283 

2.672375 

|  2.672467 

92 

47* 

2.67302^ 

2.6731 13 

2.673205 

1  2.67329? 

i  2*^73390 

92 

47  2 

2.673942 

2.674034 

|2.674*26 

:  2.674218 ;  2.674310 

92 

473 

2.67486 1 

2.674953 

2*6/5045 

S  2.675 1 36 

!  2.675228 

92 

474 

2.675778 

2.675870 

2.67596l 

1 2.676053 

!  2.676145 

92 

475 

2.676694 

2.676785 

2.676870 

2.676968 

:  2.677059 

91 

476 

2.677607 

2.677698 

2.677789 

2.677881 

1  2.677972 

91 

477 

2.678518 

2.678609 

2.6787OO 

2.678791 

|  2.678882 

9 1 

478 

2,679428 

2*6795  x9 

2.6796*  O 

2.679700 

2.679791 

91 

479 

2.680335 

2.680426 

2.68o5I7 

2.680607 

2.680698 

9l 

483 

2.681241 

2.681332 

2.68l422 

2.681513 

I2.68  1603 

90 

481 

2.682145 

2.682235 

2  682326 

1 2.682416 

’  a. 682506 

90 

482 

2.683647 

2.683137 

2.683227 

2,6833 1 7 

'  2.683407 

90 

4  483 

2.683947 

2.684037 

2.684127 

£.6842.17 

2.684307 

90 

t  484 

2.684845 

2.684935 

2.685O25 

2.685 114 

2.685204 

9° 

485 

2.685742 

2.685831 

2.6859^1 

2.686010 

2.686100 

89 

4^6 

2.686636 

(2.686726 

2.68681$ 

2.686904 

2.686994 

89 

JSUiM 

444' 

445 

446 

447 

448 

449 
45° 

451 

452 

453 

454 

4s$ 

456 

457 

458 

459 

460 

461 

462 

463 
4^4 

465 

466 

467 

468 

469 
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from  1  to  10000 


479 


5 

0 

2.647872 

2.647969 

2.: 

2.648848 

2.648945 

2. 

a. 649821 

2.6499*9 

2. 

i.65079; 

2.650890 

2. 

2.65  1 762 

2.65 1859 

2. 

2.652730 

2.652826 

2. 

2.653695 

1.^53791 

2. 

2.654658 

2.654754 

2. 

2.6$  ;6  Ip 

2.655714 

2, 

2.65657  7 

2.656673 

2. 

2.6V7534 

2.657629 

2. 

2.658488 

2.658584 

2® 

J  2.6$944I 

2.65^536 

2. 

2.660391 

2.6^486 

2. 

2.661339 

2.661434 

2. 

2.662285 

2.662380 

* 

2.663230 

2.663324 

2 

2.664172 

2.664266 

2 

2.665112 

2.665206 

2 

2.666050 

2.665 143 

2 

?.  666986 

2.667079 

2 

2.667920 

2.668013 

2 

2.668852 

2.568945 

2 

2.669782 

2.669874 

2 

2.670710 

1 2.670802 

2 

^.671636 

2.671728 

2 

2.672560 

2.672652 

2 

2.673482 

2.673574 

2 

2*674402 

3.6^4494 

2 

2.675320 

2.675412 

2 

2676236 

2.676328 

2 

2.677150 

2.677242 

2 

5  2.6/8063 

2.678  J  54 

2 

r  :  2-678973 

2.679064 

2 

$  ®  679882 

2.67997? 

2 

;  I2.680789 

2.68  08  79 

2 

D  2.881693 

2.681784 

2 

1  ! 2,  682596 

2.682686 

7 

2  I2.683497 

2.683587 

■1 

3  2.684396 

2.6844  86 

j.  2.685  294 

2.685383 

t 

r  2.686i89 

2.686279 

7 

5  2687083 

2.-687  ‘72 

5 

_ 9 _ 

2.648262 
2.649237 
2.650210 
■2.65 1 181 

2.6521 50 

2.65  31 16 

2.654080 
2.65  5C42 


.656769  \  2.656864  2*656960 

.657725 *  2.657820  2.657916 
658679  2.658774  2.658870 
:.6<q621  2.6co726  2.659821 


r>s77+ 
659726 

2.660676 
2.66l623 
2.662569 
2.6635  I  2 
2.664454 

2.665393 

2.666331 
2.667266 
2.668 199 

2*6691 31 

2-670060 
2.670988 

2.671913 

2.672836 
2.673758 
2.674677 

>5503  2.675595 

76419  I  2.676  5 1 1 1 
2^7 7424  ! 

2 678336 
2.679246 
2. 6801  54 
*2.68 1 060 
2.681964 
2,68286; 
2.683867 
2.684666 
2.685563 


50970 


.683677 
.684576 

2.6S 5 47 3  x.uv>  v 

.686368  2.686457 
.687261  ‘  T 


2.659821 
2.66077 1 
2.661718 
2.662663  I  95 
5  2.663607  04 

2.664548 
2*665487 
2.666424 
2.667359 

2.668293 
2.669224 
2.670153 
2.671080 
2.672005 
2.672929 
2.673850 
2.674769 
2.675687 
2 676602 
2.677516  | 

2.678427 

-679337  I  9 
2.680245 
2.681 151 
2.68205  5 
2.682957 
2.683857 
2.684756 
2.685652 
2.686  547 
2.687440 
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A futn* 

° 

1 

2.687618 

2.688509 

2.689398 

2.690285 

2.69II70 

2.692053 

2.692935 

2.693815 

2.694693 

2.695569 

2 

3 

4 

487 

488 

489 

490 

491 

492 

493 

494 
49$ 
496 

2.687$29 

2.688420 

2.689309 

2.69OI96 

2.691081 

2.691965 

2.692847 

2.693727 

2.694605 

2.695482 

2.687707 

2.688598 

2.689486 

2-690373 

2.691258 

2.692142 

2.693023 

2.693903 

2.694781 

2.695657 

2.687796 
2.688687 
2*689575 
2.690462 
2.691347 
2.692230 
2.693  m 
2.693991 
2.694868 
2.695744 

2.687885 

2.688776 

2.689664 

2.690550 

2.69143$ 

2.692318 

2.693  ‘99 
2.694078 
2.694956 
2.695832 

89 

89 

89 

89 

§8 

88 

88 

88 

88 

87 

497 

2.696356 

2.696444 

2.696531 

2.696618 

2.696706 

87 

49  s 

2.697229 

2.697316 

2.697404 

2.697491 

2.697578 

87 

499 

2.6981OO 

2.698188 

2.69827$ 

2.6,38362 

2.698448 

87 

*500 

2.698970 

2.6990?7  I 

2.699144 

2.6^9230 

2.6993 17 

87 

$ 01 

2.699838 

2.699924' 

2.70001 1 

2.700098 

2700184 

87 

502 

2.700704 

2.700790 

2.700877 

2.700963 

2.701050 

86 

5°3 

2.7OI568 

2.701654' 

2.701741 

2.701827 

2701913 

86 

504 

2.7C243O 

2.702517 

2.702603 

2.702689 

2702775 

86 

5°$ 

2.703291 

2.703377 

2.703463 

2.703549 

2.703635 

86 

$06 

2.704150 

2.704236 

2.704322 

2704408 

2.704494 

86 

507 

2.705008 

2.705094 

2.705179 

2.705265 

2.705350 

86 

508 

2.705864 

2.705949 

2.706035 

2,706120 

2.706205 

85 

S09 

2.706718 

2.706803 

2.706888 

2.706974 

2.707059 

8$, 

$10 

2.707.570 

2.70765  5J 

2.70774° 

2.707816 

2707911 

8$ 

511 

2.708421 

2.708506 

2.708591 

2.708676 

2708761 

512 

2.7O927O 

2.70935  s 

2.709440 

2.709524 

2709609 

85 

513 

2.7IOII7 

2.710202 

2.750287 

2.710371 

2710456 

$44 

2.710963 

2.71 1048 

2.711132 

2711216 

27 1 1301 

84 

$*5 

2.7H807 

2.711891 

2.71107  6 

2.712060 

2712144 

84 

516 

2.7I265O 

2.712734 

2712818 

2.712902 

27159S6 

84 

5*7 

2.713490 

2.713574 

2.713658 

2.7I3742 

27 13826 

84 

518 

2.71433° 

2.714414 

2.754497 

2.745^ 

2714665 

84 

$19 

2.715  167 

2.715251 

2.715335 

2.71 5418 

2715502 

84 

<20 

2.716003 

2.716087 

2.7 16170 

2.716254 

2716337 

83 

$21 

2.716838 

2.716971 

2.-717004 

2.717088 

2.717171 

83 

^22 

2.717670 

2*7 1 77  $4 

2.717337 

27I7920 

2718003 

83 

523 

2.718502 

2.718585 

2.718668 

2.718751 

2718834 

83 

524 

2.719331 

2.7194H 

2.719497 

2.7i958° 

2.719663 

83 

$2$ 

2.720159 

2.720242 

2.720325 

2720407 

2.720490 

83 

526 

2.720986 

2.721068 

2  721I5 I 

2721233 

2721316 

82 

"5  27 

2.72181 1 

2.721893 

2.72197 

2722058 

2722140 

82 

$28 

2.722634 

2.722716 

2.722798 

272288 1 

1722963 

82 

Li!L 

2.723456 

2.723538 

2.723620 

2723702 

2723784 

82 
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from  1  to  10000. 
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Numb 

% 

6 

7 

8 

.  9, 

Diff 

487 

2.687975 

2.688064 

2.688153 

2.68.8242 

S.68833  1 

89 

488 

1.688865 

2.688953 

2.689042 

2.68913* 

2.6892*0 

89 

n 

489 

2.689753 

2.689841 

2.689930 

2.690019 

2.690107 

89 

,  490 

2.6906|9 

2.690727 

2.690816 

2.69°9°S 

2.690993 

89  1 

n  0 

401 

2.691522 

2.691612 

2.691700 

2.691788 

2.691877 

88 

492 

2.692406 

2.692494 

2.692583 

2.692671 

2.692759 

88 

493 

2.6o3287 

2.693375 

2.693463 

2.69555* 

2.693639 

88 

494 

2.6941 66 

2.694254 

2.694342 

2.69443° 

2.694517 

oS 

495 

2.695044 

2.695131 

2.695219 

2.695306 

2.695394 

8S 

496 

2.695919 

2.696007 

2.696094 

2.696182 

2.696269 

87 

597 

2.696792 

1.696880 

2.696968 

2.697055 

2.697142 

87 

598 

2.697665 

2.69775  s 

2.697839 

2.697926 

2.698013 

87 

599 

2.698535 

2.698622 

2.698709 

2.698796 

2.698883 

87 

<00 

2.609404 

2.699491 

2.699578 

2,699664 

2.699751 

o7  ' 

501 

2.700271 

i.700357 

2.700444 

2.700531 

2.700617 

87 

502 

2.701136 

2.701222 

2.701309 

2.701395 

2701482 

86 

503 

1,701999 

2.70*2086 

2.702172 

2.702258 

2.702344 

86 

504 

2.702861 

2.70294$, 

2.703033 

2,703119 

2,703205 

86 

505 

2.703721 

2.703807 

2.703893 

2.703979 

2.704065 

86 

506 

2.704579 

2.704665 

2.704751 

2.704837 

2.704922 

86 

507 

2.70543  6 

2.70I522 

2.705607 

2.705693 

*.705778 

86 

508 

2.706291 

2.706376 

2.706462 

2.706547 

2.706632 

o5 

509 

2.707144 

2.707129 

2.7°73i  J 

2.707400 

2.707485 

510 

2.70799  6 

2.708081 

2  708 166 

2.708251 

2.70I336 

35 

511 

2.708846 

2.708931 

2.70901 5 

2.709100 

2.709185 

85 

512 

2.709694. 

2.709779 

2.709863 

2.709948 

2.710033 

85 

$13 

2.710540 

2.710695 

2.710710 

2.710794 

2.710879 

85 

514 

2.711385 

2.71147° 

2.711554 

2.71 1638 

2,7*1723 

84 

515 

2.712229 

2.712313 

2.712397 

2.712481 

2.712565 

84  ' 

516 

2.713070 

*.7*3154 

2.713238 

2.713322 

2.713406 

84  > 

51? 

2.713910 

2.713994 

2.714078 

2.714162 

2.7  14246 

84  , 

518 

2.7*4749 

2.714832 

2.714916 

2.715000 

2.715084 

84 

519 

2.715586 

2.715669 

2.715753 

2.715836 

2.7 15920 

84 

520 

2.7x6421 

2.716504 

2.716588 

2.716671 

2.7167^4 

83 

521 

2.7 1 7  “54 

2.717338 

2.717421 

2.717504 

2.717587 

83 

522 

2.718086 

2.718169 

2.718253 

2.718336 

j  2.718419 

83 

523 

2.718917 

2.719000 

2.7x9083 

2.719*65 

I2.719248 

83 

524 

i.7  *9745 

2.719828 

2.7199 1 1 

2.719994 

2.720077 

83 

525 

2.720573 

2.720655 

2.720738 

2.720821 

2.720903 

83 

526 

2.721398 

2.72148 1 

2.721 563 

2.721646 

2*721728 

82 

527 

2.722222 

2.722305 

2.722387 

2.722469 

2.722551 

82 

528 

2.713045 

2.723127 

2.723209 

2.723291 

2.723374 

82 

529 

1 

2^723866 

2,723948 

2  724030 

2.724112 

2.714194 

8a 
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Numb 

O 

1 

2 

?  - 
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-d*#1 

53° 

2.724276 

2.72435s 

2.724440 

2.724522 

2.724603 

82 

531 

2.7^5094 

2.725176 

2.725258 

2.725340 

2.725421 

82 

532 

2.725912 

2.726992 

2.726075 

2.726156 

2 .7  -6238  , 

82 

533 

2.726727 

2.726809 

2.726890 

2.726972 

2.727053 

8i 

534 

2-7J754l 

2.727623 

2.727704 

2.727  785 

2.727866 

81 

535 

*•728354 

2.728435 

2.728^16 

2.718597 

2.728678  . 

81 

536 

2.729165 

2.72924  6 

2.729327 

2.7294085 

2.7294^6 

8i  7 

537 

2.729974 

2.730055 

2.730136 

2.73021  7 

2.730298  1 

8s 

538 

2.730782 

2.730863 

2.730944 

2.731024 

2.73  1 105  a 

81 

539 

2.731589 

2.331669 

2.731750 

2.73  1830 

2.7319s  x  1 

81 

540 

2.732394 

£.732474 

2-732555 

2.732635 

2.732715 1 

t; 

54* 

2.733197 

2.733277 

2.733358 

2.733438 

2-733518] 

8-) 

542 

2.734999 

2.733079 

2.734159 

2.734240 

2.734320 

80 

543 

2.734800 

2.734880 

2,734660 

2,73504° 

2.735 120 

80 

$H 

2.735599 

2.735679 

2-735758 

2-735838 

2.735918 

80 

545 

2.736396 

2.736476 

2.736556 

2.736635 

2736715 

80 

546 

*>737I93 

2.737272 

2-73735* 

2.737431 

2.737511 

79 

547 

2.737987 

2.738067 

2.738?46 

2.738225 

2,738305 

79 

548 

2.73878f 

2.738860 

2.738939 

2.739018 

2.739097 

79 

549 

2.739572 

2.739651 

2.739730 

2.739810 

2.739889 

79 

55° 

2.740363 

2.740442 

2.740521 

2.740599 

2.740678 

79 

'55i 

2.741153 

2.741230 

2.741309 

2.741388 

2.741467 

79 

552 

2.741939 

2.742018 

2.742O96 

2.742175 

2.742254 

79 

553 

2.742725 

2.742804 

2  742882 

2.742961 

2.743039 

78 

154 

2.743510 

2.743588 

2.743666 

2-743745 

2.743823 

73 

555 

2.744293 

2.744371 

2.744449 

2.744528 

2.744606 

78 

556 

2.745075 

*•745*53 

2.745231 

2.7453O9 

2-745387 

78 

517 

2.745855 

2.745933 

2.746OH 

2.746089 

2,746167 

78 

558 

2.746634 

2.746712 

2.746790 

2,746868 

2.746945 

78 

559 

2.747412 

2.747489 

2.747567 

2.747445 

2.747722 

78 

560 

2.748  s  8  8 

2.749266 

2.74^34? 

2.748421 

2.748498 

77 

561 

2.748963 

2.749040 

2.749118 

2.749*95 

2.749272 

77 

562 

2.749736 

2.749814 

2.75989* 

2.749968 

2.750045 

77 

513 

2.750508 

2.750585 

2.750663 

2.750740 

2.750817 

77 

564 

2.751279 

2.751356 

2.75U33 

2.751510 

2-751587 

77 

565 

2.752048 

2.752125 

2.752202 

2.752279 

2-752356 

77 

566 

2.752816 

2.752893 

2.752970 

2.753047 

2.753123 

77 

567 

*.75358? 

2.753660 

2.753736 

2-75013 

2.753889 

77 

568 

7.754348 

2.754425 

2.754501 

2.754578 

2.754654 

77 

y6y 

*•7  5  5 1 1 2 

1.755*89 

*•755265 

2.755341 

2-7554*7 

76 

57° 

2.755875 

2.751951 

2.756027 

2.756103 

2.756 180 

76 

571 

2.756636 

2.756712 

2.756788 

2.756864 

2.756940 

76 

572 

2.757396 

2»757472 

2757548 

2.757624 

2.757700 

76 

from 

[  Co  ICOOO. 

(  ?37  ) 

Num 

_ 5 

6 

I  7  |  S 

y 

53° 

2.724685 

2.72476? 

1  2.724849 

2.72493  j 

2*725013 

82 

531 

2*7x5503 

2.725585 

I  2.725667 

2.725748 

2.725850 

82 

532 

2.726320 

2.726401 

2.726483 

2.726564 

'2*7  6646 

82 

533 

2.727134 

2.727216 

2*727297 

2*727379 

2.727460 

81 

534 

2.727948 

2.728029 

2.728 1  10 

2.728  39  s 

2.728273 

81 

535 

2.728759 

2.728841 

2.728922 

2.729003 

2.729084 

81 

■53<n 

2.729570 

2.729651 

2.729732 

2.729813 

2.729893 

81 

537 

2.75037s 

2.730459 

2.730540 

2,730621 

2.730702 

8  j 

53S 

2.731186 

2,73  1266 

2.75*347 

2.731428 

2.73 1 508 

81 

539 

2.731991 

2.732072 

2.  *3  2  52 

2.732233 

2.732313 

81 

540 

2.732796 

1.732876 

2.732956 

2.73  208  7 

2.733  u  7 

80 

54i 

2.733598 

2.73367  9 

2-733759 

2.733839 

2.733919 

80 

542 

2.734400 

2.734480 

2.734560 

2  734640 

2.734720  J 

80 

543 

2.735200 

2.735279 

2.735359 

2,7-35439 

'-7355  *9 

80 

544 

2*735998 

2.73607% 

2*736157 

2.736237 

--.736317 

80 

545 

2.736795 

2.736874 

2.736954 

2.737034 

27371 13 

80 

546 

2*73759° 

2.737670 

2.737749 

2.737829 

2.737908] 

79 

547 

2.738384 

2.738463 

2.738543 

2  738622 

2,738701  j 

79 

548 

2  739*77 

2.739250 

2.739335 

2.739414 

2*7  39493 

79 

549 

2.739908 

2*740047 

2.74'  126 

2.740205 

2.740284 

19 

55° 

2.740757 

2.740836 

2.7409 1 5 

2.740994 

3.741073 

79 

55* 

2.741 546 

2.74 10i  4 

2.741703 

2.741  82 

2.7*41 860 

79 

552 

2.742333 

2.74241  ^ 

2.742489 

2.74c  5  58 

2.742647 

79 

*  553 

2.743118 

2.743  .96 

2  743275 

2*743-3  5  8 

2.74343  5 

78 

554 

2.743902, 

2.743980 

2.744058 

2.7441 .6 

2.744215 

73 

555 

2.744684 

2.744/62 

2.744840 

2.7449  9 

2-744997 

78 

556 

2.745465 

2.745543 

2.745621 

2.745699 

2.74  <77  7 

78 

557 

2.746244 

2,746323 

2.7464  i 

2.7-46479 

2,74655 

78 

5.5  s 

2.747023 

2.747  SOI 

2.747179 

2.747*256 

2.74731. 

78 

559 

2.747800 

2.79787  c. 

2.747955 

2.74803  3 

2.7481  u 

7  8 

5  60 

2.748576 

2.748653 

2.74873* 

2.748808 

2,74888*- 

77 

561 

2.749350 

2.7494'  7 

2.749504 

2.749582 

2.7496  59 

77 

562 

2.750123 

2.750200 

2.750277 

2.750354 

2.75043  ] 

77 

5«3 

2.750894 

2.75097  * 

2.751048 

2.75  1 1  25 

2*75 1  20  •• 

77 

564 

2.75*664 

2.751741 

2.75 1818 

.75  1895 

i  2.751972 

77 

565 

2.752433 

2.752509 

2.75  2586 

2.752663 

2.75274c 

77 

566 

2.753200 

2.753277 

2.753353 

2.75343° 

7.753506 

!  77 

5*7 

2.753966 

2.754042 

2.7541 19 

2*754*95 

2*754272 

;  77 

568 

2.7  54720 

2.754807 

2.7548^3 

2.754960 

2*755036 

77 

569 

5*755494 

2.75557° 

2.755646 

2.755722 

2*  75  5  /9'/ 

76 

57° 

2.756256 

2.756332 

2.756408 

2.756484 

I  2.756560 

!  76 

57* 

2.757016 

2.757092 

2.757168 

2  757244 

]  2.757  20 

76 1 

572  ; 

±111111. 

2  75792^ 

12.-55003 

I2.758079 

1 76 J 

’ — — 

(  338  ) 

A  Table  of  Logarithms. 

Num 

0  1 

1  | 

1 

3 

4  1  j 

573 

2758*55l2 

.758230  u 

•758306  2 

.-758382  5 

1.758458  j 

76 

574 

2.75891  1  2 

.758988  J 

*.759063  5 

S-759139  ' 

>759214 

76 

'  5 

2*7 5 9668  s 

t.759743  ' 

1.759819  : 

2759894  i 

£759970 

75 

/  • j  1 

1  576 

2.760422  j 

1.760498  ‘ 

2-760573  : 

2  760649 

2760724 

7C- 

! 

<77 

2.761176  ]  2. 761.251 

2.761  326 

2761402 

2,761477 

75 

1  7  '  '  1 

578  | 

2.961928  j 

2762003 

2762078 

2762153 

2.762228 

75 

<7  9 

2.762679 

2.762754 

2.762829 

2762904 

276297s 

75 

580  * 

2.763428 

2763503 

2763578 

2763652 

2763727 

75 

581 

2764176 

2764251 

2.764326 

176440c 

2.764475 

75 

<82 

2  ?64928 

2764998 

2765072 

2.765  147 

2765221 

75 

5T3 

2.'  6^669 

2766743 

2.7658l8 

2765892 

2.765966 

74 

584 

2.766418 

2766487 

2766562 

2  766636 

2.766710 

74 

585 

2.767156 

2  76723O 

2767304 

2767379 

2.7674-;  3 

74 

586 

2.767898 

2.767972 

2.768046 

2.7681  20 

2768  94 

74 

587 

2.768638 

2768712 

2.76878  6 

2.768860 

2768934 

74 

5^8 

2.76937? 

2769451 

2.769525 

2769599 

2.769673 

74 

$89 

2.7701  s  5 

2.770189 

2770263 

2.770336  1 

2770410 

74 

59° 

2.7708  <2 

2770926 

2770999 

2771073 

2771146 

74 

591 

2.771587 

2  771661 

2.771734 

2.77 1808 

2.771881 

73 

592 

2.772322 

277239* 

2772468 

2.772542 

2772615 

73 

*593 

2.773056 

2773128 

2.773201 

2.773274 

2.77334s 

7 3 

594 

2.173786 

2.773860 

2.773933 

2774006 

2.774079 

73 

595 

2.774517 

2  774590 

2.774663 

2774736 

2774809 

73 

596 

!  2,775246 

2745319 

2.775392 

2775465 

2.775538 

73 

597 

2.775974 

2776047 

2.776120 

2776193 

2776265 

73 

,  598 

2.776701 

2776774 

2*7'6846 

2.776919 

2.716992 

73 

599 

2,777427 

2777499 

2-777<7* 

2.777644 

2.777717 

72 

'  6CO 

2.778151 

2778224 

2778296 

2778368 

2778441 

72 

601 

2.778874 

2.778547 

2779019 

2.779091 

2.779163 

72 

602 

2.779596 

2.779669 

2779741 

2.779813 

2.779SS5 

72 

603 

2.780317 

2.780389 

2  780461 

2780533 

2.780605 

72 

604 

2.781037 

2781  !09 

2.781  l8l 

2.781253 

2781324 

72 

605 

278175*; 

j  2.781827 

2. ”8 1899 

278  97  1 

2.782042 

72 

606 

”>.782473 

2782544 

2782616 

2782688 

2782759 

72 

607 

2.  83^89 

278326C 

2783332 

2783403 

2783475 

71 

,  6c? 

2.783904 

2783975 

2  784046 

2784118 

2784185 

71 

60$ 

2784617 

2.784685 

2784760 

2784831 

978490s 

71 

6 1  c 

>  2.785330 

2.7854OI 

27^5472 

2785543 

2.78561' 

7i 

61 1 

2.786041 

27861  15 

>  2.786183 

2.786254 

2.78632' 

>  7i 

61  s 

2.786751 

2786825 

2  2786893 

2.78696; 

2.78703- 

5  7i 

1  ^i: 

2.78746c 

2.78753- 

2.787605 

278767' 

*  278774- 

4  7J 

1  6u 

1  2  788168 

2.78823c 

?  278831c 

3  2.78838 

1  2.78845 

M  71 

f  61$  * 3.7^887*5 

j  278894 

6  2.78901  ( 

5  278908 

7\  2.78915 

8  71 

from  1 

10000. 

7'“ 

(  ?39  )  1 

Num+ 

|  5 

6 

i  7 

8 

9 

Difi 

573 

2-758533 

2.758609 

2.758685 

2.758761 

2.758836 

76 

574 

2.759290 

2.759366 

2.759441 

2.7595  *7 

2.759592 

76 

575 

2.760045 

2.760121 

2.760196 

2.760272 

2.760347 

75 

57- 

2.760799 

2.760875 

2.760950 

2.761025' 

2.76*  1 01 

75 

577 

2.76*552 

2.761627 

2.761702 

2*  61778 

2.762  85  3 

75 

578 

2.762303 

2.762278 

2.762453 

2.762529 

2.762604 

75 

579 

2.763053 

2.763 1 28 

2.763203 

2.763278 

2.763352 

7  5 

580 

2.763802 

2.763877 

2.763952 

2.764027 

2.764101 

75 

,8. 

2.764.550 

2.764624 

2.764699 

2.764774 

2.764848 

75 

582 

2.765296 

.765370 

2.765445 

2.765520 

2.765594 

75 

583 

2.766041 

2.7661 15 

2.766190 

2.766264 

!  2.766338 

74 

584 

2.766785 

2.766859 

2.766933 

2.767007 

2.767082 

74 

585 

2.767527 

2.767601 

2.767675 

’•767749 

2.767823 

74 

586 

2.768268 

2.768342 

2.708416 

2.768490 

2.768564 

74 

587 

2.769008 

2.769082 

2.769156 

2.76923Q 

2.769303 

74 

588 

2.769746 

2.769820 

2.769894 

2.769968' 

2,770042 

74 

5§9 

2.770484 

2.77°557 

2.770631 

2.770705 

2.770778 

74 , 

590 

2.771220 

2.771293 

2.771367 

2.771440 

2*7715  M 

74 

<9* 

2.771955 

2.772028 

2.772102 

2.77^175 

2.772248 

73 

592 

2.772688 

2.772762 

2.772835 

2*772908 

2.772981 

73 

593 

2.773421 

2-773494 

2.773567 

2.773640 

2.773713 

73 

594 

2.774152 

2.774225 

2.774298 

2-77+371 

2.7,4444 

7? 

595 

2.774882 

2-774955 

2.775028 

2.775 101 

2.775173 

73 

5  96 

2.77  5610 

2.775683 

2.775756 

2.775829 

2.775902 

73 

597 

2.776338 

2.7764I  I 

2.77648; 

2.776^6 

2.776629 

73 , 

2.777064 

2-777137 

2.777209 

2.777282 

*•777354 

73 

599 

2.777789 

2.777862 

2777934 

2.77800  6 

2.7781079 

73 

600 

2.778513 

2.778585  1  2.778658 

2.778730 

2.778802 

73 

601 

*•779*36 

2.779308 

2.779380 

2.779452 

2.779524 

72 

602 

2.779957 

2780029 

2.780101 

2-78017 

2.780245 

72 

603 

2.780677 

2.780749 

2.780821 

2.780893 

2.780965 

72 

604 

2.78139  6 

2.7il468 

2.781 540 

2.78f6l2 

.2.781684 

72 

605 

2.7821 14 

2.782186 

2.782258 

2.782329 

2.782401 

72 

606 

2.78283 1 

2.7829O2 

2.782974 

2.78304  6 

2.783  s  17 

7i 

607 

2.783546 

2.783618 

2.783689 

2-783761 

2.7838.32 

71 

£08 

2.784261 

2.784332 

2.784403 

2-784475 

2.784546 

71 

609 

2.784974 

9.78504-; 

2.7851 16 

1.785187 

2.785259 

7i 

610 

2.785686 

2.785757 

2.785828 

2.785899 

2.785970 

611 

2.786396 

2.786467 

2736538 

2.786609 

2.786680 

7i 

61  2 

2.787106 

2.787177 

2.787248 

2.787319 

2.787390 

7i 

6  ?  3 

2.787815 

2.787885  h. 787956 

2.788027 

2.788098 

7i 

614 

2.788522 

2.78859 

2.788663 

2.788734 

2.788804 

7i 

615 

2.789228 

''2.789299 

'2.789369 

2,789440 

2.789510 

V  % 
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A  Table  of  Logarithms 


Num 


616 

61 7 
6*8 

619 

620 

621 

622 

623 

624 
62*, 


o 


626 

627 

628 

629 

630 

631 

632 


2.789581 

2.790285 

2*790989 

2.791691 

2.792392 

2*793092 

2.79379  o 

2.794488 

2.795185 

2.795880 

2.796574 

2.797268 
2.797960 
2.798651 

2.7993  4 1 
/.8000.29 


2.789651 

2.790356 

2.791059 

2.791761 

2.79246,2 

2.793162 

2.793860 

2794558 

2795254 

2795949 

2.796644 

2797337 
2  798029 
2.798720 
2  799409 
2.800098 


2.789722 
2.790426 
2.791 129 
2791831 
2.792532 

2.793*3* 

2.793930 

2.794627 

2.795324 

2.796019 

2.796713 

2.797406 

2.798098 

2.798789 

2.799478 
2.8001 66 


2-789792  2.789863 
2.790496  2.790567 
2.791199  2.791269 
2791901  2.791971 
2.792602  2792672 
2793301  2793371 
2794000  2*79407  ) 
2794697  2.794767 

2*795393  2.795463 

2796088  2796158 


^  (  2,800717  2.800786  2.800854 

^  2.801404  I  2,801472  I  2.801541 

I  OaaaQa  ..  n  _  _  j  r,  O  a n  a/ 


634!  2.802089  2.802858 
2.802774  2,802842 
636  j  2.803457  2.803525 

2.804208 
2.804889 
2.805  5  69 
2,806248 
2.806926 


627  2.8041.39 
I  2.804821 

639 


^  2,805501 
640!  2.806l8o 

641  2.S06858 

642  I  2  807535  !2. 807603 

£  2.8o821  I  '  "  0  ‘ 

2.808886 


643 

644 


645 !  2,809560 

'  u  —  A  'v 


646 


<£» 


8 1  o  2 


?  2.?#  10904 


648  2.811575 

649  |  ^ * 0 1  * -45 

650  2.8119*8 

651  2.81358s 
2,814248 
2.8 149  *3 
2.8i5578 
2.816241 
2.856904 
2.817565 
2.818226 


652 

653 

654 

655 

656 

657 

J3ii 


2.808279 

2.808953 

2.8G9627 

2.800300 

2.81097,1 

2.81 1642 
2.812312 
2.812980 
2.813648 
2.814314 
2.814980 
2.815644 
2.816308 
2.816970 
2.817631 
2.818291 


2.802226 

2.8029*0 

2.803594 

2*804276 

2.804957 

2.805637 
2.806316 
2*806994 
2  807670 
2*808346 
2*809021 
2*809694 
2*810367 
2*81 1038 

2.8 1 1709 
2.812378 
2.853047 
2  813714 

2.814381 

2,8:5046 

2.8157IO 

2.816374 

2,817036 

2.817698 

2.8*8358 


2.796782 

2797475 
2.7981  67 
2.798858 

2.799547 

2.800236 

2.83092  3 

2.801609 

2.802295 

2.802979 

2.803662 


70 

70 

70 

70 

70 

70 

7° 

70 

70 

69 


2.804344 
2.805025 
2.805705 
2.806384 
2.807061 
2.807738 
2.8084U 
2.809088  2.809155 


2.796852 

2.797545 

2.798237 

2.798927 

2.799616 

2.800305 

2.800992 

2.80167^ 

2.802363 

2.803047  | 

2.803730 

2.804412 
2.805093 
2.805773 
2.806451 
2.807129 
2.807806 
2.80848 1 


2.809762 

2.810434 

2.8  is  106 

2.811776 

2.812445 

2.8131 14 
2.813781 
2.8i4447 
2.815113 
2.215777 
2.816440 
2,817102 
2.817764 
2.818424 


2.809829 
2.810501 
2.8 1 1 1 7  3 

2.81 1843 
2.812512 
2.813180 
2.81 3  848 
2.8145 14 
2.815179 
2.S15843 
2.816506 
2.817169 
2.817830 

2.818490 


69 

69 

69 

69 

69 

69 

69 

69 

68 

68 

_68 

68 

68 

68 

6.8 

68 

68 

67 

67 

67 

67 

67 

~7 

67 

67 

67 

67 

66 

65 

66 
66 
66 
66 


from  1  to  10000 

(  34' 

. 

3 

Numb 

5 

6 

7 

8 

9 

6  s  6 

2-79993? 

2.790003 

2.790074 

2.790 144 

2.79021 5 

7C 

6s  7 

2-790637 

2.790707 

2.790778 

2.790848 

2.790918 

7 

6ig 

2.791340 

2.791410 

2.791480 

2.791550 

'2.791620 

70 

619 

2.792041 

2.792111 

2.792181 

2.792252 

2.792322 

70 

6  20 

2.792742 

2.792812 

2*792882 

2.792952 

2.793022 

7C 

621 

2793441 

2.7935a 

2.793581 

2.79365 1 

2.793721 

?c 

622 

2.794139 

2.794209 

2.794279 

2-79484  9 

2.794418 

7C 

623 

2*794836 

2.794906 

2.794976 

2.795044 

2.795115 

7° 

624 

2795532 

2.795602 

2.795671 

2*79574^ 

2.795810 

70 

625 

2.796227 

2.796297 

2.796366 

2.796436 

2.796505 

69 

6s5 

2.796921 

2.796990 

2.797060 

2.  ^97 1 29 

2.797198 

69 

627' 

2.797614 

2.797683 

2.797752 

2.797821 

2,797890 

69 

628 

2.798305 

2.798374: 

2.798443 

2.798512 

2.798582 

69 

627 

2.798996 

2.799065 

2-799134 

2.799203 

2.799272 

69 

630 

2.7*9685 

2.799754 

2.79982  3 

•799^9 2 

2.799960 

69 

631 

2.800373 

2.800442 

2.8005  I  1 

2.800580 

2,800648 

69 

6?2 

2.801060 

1.801 1 29 

2.801 198 

2.801267 

2.801 335 

69 

633 

2.801747 

2.8018 1 5 

2.801884 

2.80195  2 

2.802021 

69 

634 

2.802432 

2.802500 

2.802568 

2.802637 

2.802705 

68 

635 

2.8031 16 

2.803 184 

2.803252 

2.803321 

2 803389 

68 

636 

2.803798 

2.803867 

2,803935 

2.804003 

2,804071 

68 

637 

2.804480 

**  8045  48 

2.804616 

2.804685 

2.804753 

68 

638 

2.805  l6* 

2.805229 

2.805297 

2.805  365 

2*805483 

68 

639 

2.805840 

2.805908 

2.805976 

2.806044 

2.8061$  2 

68 

640 

2.8065 19 

2.806587 

2.806655 

2.806723 

2.8o6793 

68 

641 

2. 807196 

2.807264 

2.807332 

2.807400 

2.807467  | 

68 

642 

2.807873 

2.807941 

2.808008 

2.808076 

2.808143 

68 

6« 

2.808548 

2.808616 

2.808683 

2.80875 1 

2.808848 

6  7 

6d  4 

2.809223 

2  809290 

2.809358 

2.809425 

2.809492 

6 

64.5 

2.809896 

2.809963 

2.81OO3I 

2.8 10098 

2*810165 

67 

646 

2.8  10568 

2.810636 

2*810703 

2.810770 

2.810837 

67 

647 

2.81 124.0 

2.811307 

2.811374 

2.81  ?44i 

2.81 1 508 

67 

648 

2.811910 

2, 'll  1977 

2.812044 

2.81211 1 

2, 8 1 2 1 7  8 

67 

649 

2.812579 

2.812646 

2.8127  S3 

2.8 1 27  8 

2*8 12846 

67 

650 

2.813247 

2.B13314 

2.813381 

2.813447 

2.81 3514 

f  67 

651 

2.813914 

2.8  13981 

2.814048 

2.8 141 J-4 

2,814181 

67 

6$2 

2.8^4580 

2.814647 

2.8147S4 

2:814780  2,814847 

67 

653 

2.815246 

2815312 

2.8S5378 

2.815445 

2.815511 

66 

654 

2.815910 

2.815976 

2.816042 

2.816109 

2.8*6175 

66 

655 

2.816573 

2.8  16639 

2.816705 

2.816771 

2/816838 

66 

656 

2.817235 

2.8 17301 

2.817367 

2.817433 

2.817499 

66| 

657 

2.817896 

2.817962 

2.8i8o28 

2.818094 

2.818 160 

66 

1  65S 

2.818556 

2.818622 

2.818688 

2.8 18754 

f  2.818819 

66* 

¥3 


( 


Nuni 


659 

66  o 

661 

662 

6  65 

664 

6c  5 


o 

2.8 18885 
2.819544 
2.820201 
2.820858 
2.821  5  i  3 

2.822l68 

2.822822 
666;  2.823474 
667  2.824126 
668;  2.824776 


669!  2.825426 
670;  2.826075 
67  i I  2.126722 
67  ...  2.827369 
673!  2.82801* 
674!  2.8  £b66o 
675  2.8  9304 

676:  2.829947 
677;  2.8505^9 
2.831235 
2.831870 


678 

679 

68c 

68 

682 

683 

684 

685 

686 

687 


2.832509 
2.833147 
2.833784 
2.834421 
2.835056 
2.835691 
2.836324 
2*836957 
688|  2.837588 
2,838219 
2.838849 

2.839478 
2*  840106 

*  840733 


689 

690 

691 
695. 

693 

694 

695 

696 

697 

698 

699 

700 

701 
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2.818951 1 
2.8x9610 
2.82  267 

2.820924 

2.82157V 

2.822233 

2.8228  87 

2.823539 

2.824191 

2.824841 

2.825491 
2.826140 
2.826787 
2.827434 
2.828080 
2.828724 
51.829368 
2.83001 1 
2.830653 


2.819017 

2.819675 

2.820333 

2.820989 

2.821644 

2.822299 

2.822952 

2.823605 

2.824256 

2.824906 


2.825556 
2.826204 
2.826852 
2.827498 
2.828144 
2.828789 
2.829^32 
2.830075 
2  830717 

2.851294!  2-831358 

2.831,954]  2-831998 
2.832637 


2.832573 
2.83321 1 

2.833848 

2.834484 

2.835120 

2.835754 

2.836387 

2.837020 

2.837652 

2.838282 

2.838912 


2.833275 
2.833912 
2.834548 
2.835183 
2.835817 
2.83645 1 
2.837083 
2.837715 

2.838345 


2. 8 1908  3 
2.819741 
2.820398 
2.821055 
2.82 1710 
2.822364 
2.823017 
2.823670 
2.824321 
2.824971 

2.815021 

2.8  26269 
2.826917 
2.827563 
2.828209 
2.8288c  3 
2.829497 
2.830139 
2183078  i 
2,831422 
2.832062 

2.8327OO 
2.835538 
2.833975 
2.83461  5 


2.8  19149 
2.8  19807 

2.820464 
2.821  120 
2.821775 

'.822430 
2.823O83 
2.8i373S 
2.824386  j 
2.825030 

2.825686 
2.826334 
2.82698  I 
2.827628 
2.828273 
2.8289  s  8 
2.829561 
2.830204 
2.830845 
2.8314^6 
2.832125 

2^832764 

*2.83340* 

2.834039 

2.834^75 


66 

66 

66 

66 

65 

6$ 

65 

65 

65 

65 


.835246  2.835310 


2.835881 

2.836514 

2.837146 

2.837778 

2.838408 


2.839541 

2.840169 
2.840796 
2.841359!  2.841422 


2  841985 
2.842609 
2.843233 
2.843855 
2.844477 
2.845098 
S,84S7i8 


2.842047 

2.842672 

2.843295 

2.843918 

2.844  539 
2.845160 
2.84^780 


2.838975  |  2  839038 

2.839604  j  2.839667 
2.840232  s  2.840294 


2.840859 
2.841485 
2.842110 
2  842734 
2.8433s? 

2.843980 

2.8446OI 

2.845222 

2,845842 


2.840921 

2.841547 

2.842172 

2.842796 

2.84342O 

2.844042 

2.844663 

2.845284 

2.845004 


2,835944 

2.836577 

2.837209 

2.837841 

2.838471 

2.839101 

2.839729 

2.840357 

2.840984 

2.841610 

2.842235 

£.842859 

2.843482 

2.844104 

1 2.8447  26 

2.845346 

2,845966 


65 

65 

65 

65 

64 

64 

64 

64 

64 

64 

j>4 

64 

64 

64 

64 

63 

63 

63 

63 

63 

63 

63 

63 

63 

63 

62 

62 

62 

62 

62 

62 

62 
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659 

660 
66l 
-662 

663 

664 

665 
06  6 
6‘ 57 
663 

669 

670 

671 

672 

673 

674 

67$ 

676 

677 

678 

679 


680 

681 

682 

683 

684 

685 

68  6 

687 

688 
689 
69c 


69? 

692 

693 

6>94 

695 

696 

697 

698 

699 

700 

701 


2-819215 
2.819873 
2,820530 
2.821 186 
2.821841 
2.822495 
2.823148 
2*823800 
2*824451 
2.825101 

2.825751 
2.826399 
2,827046 
2.827692 
2.828  338 
2.828982 
2.829625 
2. 830268 
2.830909 
2.831550 
2.832189 

2.832828 

2.833466 

2.834102 

2.834738 

2.835373 

2.836007 

2.836640 

2.837273 

2.837904 

2,838534 

2.839164 

2.839792 
2  840420 
2.841046 
2.841672 
2.842997 
2.842921 

2.843544 

2.844166 
2  844788 
2.845408 
2.846028 


8 


2.819281  2.819346 
2. 819939  2.820004 
2.820595  j  2.820661 


2.821251 
2.821906 
2.822560 
2.823213 
2.823865 
2.824516 
2.825 166 

2.825815 
2.826464 
2.827 1 1 1 
2.827757 
2.828402 
2.829046 
2.829690 
2.830332 
2.830973 


2.821317 

2.821972 

2,822626 

2.823279 

2.823930 

2.824581 

2.825231 

2.825880 
2.82652S 
2.827175 
2.827821 
5.828466 
2.8291 1 1 
2.829754 
2.830396 
2.83 1037 


2.83161412.831678 


2.832253 

2*832892 

2.833730 

2.834166 

2.834802 

2.83-5437 

2.836071 
2.836704 
283^  336 
2.837967 
2.838597 
2.839227 

2.839855 

2.840482 

2.841109 

2.841735 

2.84236c 


2.843606 


2.8323  17 


2.832956 

2.833593 
2.834230 
2.834866 
2.83  5  5  co 
2.836134 
2.836767 
2.837399 
2.838030 
2  838660 
2.839289 


2.8  19412 

2,820070 

2.820727 

2.821382 

2.822037 

2.822691 

2.823344 

2.823996 

2.824646 

2.8252*6 

2.825945 


m: 


2.819478 
2.820136 
2.820792 
2.821448 
2.822103 
2.822756 
2.823409 
2.824061 
2.824711 

5. 825361 
2.826010 
2.826593 !  2.826658 
2.827240  |  2.8273°$ 
2.827886  j  2.82795° 
2.828595 

2.829239 


?.  8  3  99 1 8 
2.840545 
2.841 172 
2,841797 
2.84242  2 


2.842983  2.843°46 


2.843669 


2.844229  2*84429* 

2.84485012,844912 
2.845470  S2.845532 
2.846090  2.846 1 5 1 


s.  828531 
2.829175 
2.S29818 
2.83046c 
2.831102 
2.831742 
2.83238 1 

2.833019 

2.833657 

2.834293 

2.834929 

2.835564 

2.836197 

2.836830 

2.837462 

2.838093 

2.838723 

z.839354 

2.839981 
2.840608 
2.841234 
2.841860 
2:842484 
g. 843108 

2.843731 

2.844353 

2.844974 

2.845594 

2.846213 


2.829882 1 
2.830524 
2.831 166 
2  831806 
2,832445 


66 

66 

66. 

66 

<6$ 

65 

65 

65 

65 

J} 

65 

65 

65 

65 

64 

64 

64 

64 

64 

64 

64 


2.8330^3  6, 

2.833721  6. 

2.834357  64 

2.834993!  64 

O.835627IX  63 

2.836261  63 

2.836893  63 

2.837525  63 

2.838156  63 

2.838786  63 

2.839415  ^  63 

2.840043  63 

2.840671  63 

2.841297  63 

2.841922  63 

2.842547  62 

2.843170  6  2 

2.843793  62 

2.844415  62 

2.845036  62 

2.845656  62 

2.846275  6 ?t 
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'sum 

702 

70? 

794 

705 

706 

707 

708 

709 

7  f  o 

7 1 1 


o 


337 


7  12 

7*3 

714 

7i) 

716 

717 

718 

719 

720 

72! 

722 

723 

724 

725 

726 

727 

728 
72  9 
730 


2.846 
2.846955 

2.847573 

2.848189 

2.848805 

2.849419 

2.850033 
2.850646 
2.85 1258 
2.851 870 

2.852480 
2.853089 
2.85369! 
2*854306 
2.8  49  1 3 

2*855519 

2.856124 

2*856729 

2.857332 

2*8$7935 
2*85j537 
2*859138 
2,859739 
2.860338 
2.860937 
2.86r$34 
2.8621 31 
2.862727 
7.863323 


73!  2.863917 
732  *  2.S64511 
73  3 '  2,865 104 

724  2.865696 

735  2.866287 

736  2.866878  i 

737  2.867467! 

738  2.868os6| 

739  2.868644  ’ 

740  2.8692321 

741  2.869818 

742  2.870404 

743  2.870989 

.744  2.87'.  573 


2.846399 

2.847017 

2.847634 

2.84825 1 
2.848866 
2.849481 
2,850094 
2.850707 
2.85 13 19 

^851931 

2.852541 
2.853 150 
2*8  5  37*9 

2.854367 

2.854974 
2.855  580 
2.85  6i  8  < 
2.856789 
2.857393 

2.857995 
•S$8597 
2*859198 
2.859798 
2.860398 
2.86O996! 
2.861594 
2.862191 
2.862787 
2.863382 
2.86397  7 
2.864  70 
2,865163 


2.846461  j  2.846523 
2.847079I  2.847141 
2.847696  2.847758 
2.848312 
2.848928 
2.849542 
2.850156 
2.850769 
2.851381 


2. 

2.848989 
2.849604 
2.850217 
2.850830 
2.85 1442 
2.851992  2.852053 


2.852602 
2.85321 1 
2.853820 

2.854427 

2.855034 


2*852663 

2.853272 

2.853881 

2.854488 


2.S55S95 
2.855640  j 2.855701 
2.856245  2.856306 
2*856850  2.856910 
2.857453  2.857513  j 2.857574 
2.858056  2.858116  u.858176 


_4_  m 

2.846584 ;  62 
2.847202!  6a 
2.8478  f  9  j  62 
2.848435  ;  62 
2.84905  I  I  6i 
2.849665  I  61 
2.850279!  61 
2.850891  |  61 
2.851503  t  6  i 
2.8  5  2  1  14  j  61 

2.852724-  6i 
2.853535  I  6 1 
2.85394!  I  6? 
2.854549!  61 
2.85515 6 j  61 
2.855761 
2.856366 
1 2.856970 


2,858657  : 2.8 5 87 1 8 

2.859258  2.859318 
2.859858  2.859918 
2.860458  2.860518 
2.861056  2.861116 
2.861654  2.861714 
2.862251  2.862310 
2.862847  2.862905 
2.863442  j 2.863501 
2.864036  '2.864096 
2.864630  12.864689 
2.865222  j  2,865282 


2.865755 

2.866346 
2.866937 
2.867526 
2.8681 15 
2.868703 
2.869290 
2.869877 

2.870462 
2.871047 
2.871631  f 


2.865814 
2.866405 
2,866996 
2.86758$ 
2.8683  74 

2.868762 

2.869349 


2.865873 

2.866465 

2.867055 

2,867644 

2.868233 

2.868821 

2,869408 


2,869935  2.869994 
2.870521  j  2.870579 
2.871106  3.87064 


2.858778 


2.859378 
2.859978 
2.860578 
2.861176 
2.86)  773 
2.862370 
2.862966 
2.863561 
2.8641 55 
2.864748 
2.865341 

2.865933 
2.866524  59 

2.8671  H '  59 


60 

60 

60 

63 

60 

60 

60 

60 

60 

60 

60 

60 

60 

59 

59 

59 

59 

59 


2.867703 

2.868292 

2.868879 

2,869466 

2.870053 

2.870638 

2.871223 


3.871690  1  2.871748  I  2.871 J06 


59 

59 

59 

5# 

59 
5  s* 
58 
s5? 


Beware 


from  i  to  ioooo 


Nitw 

5 

0  , 

7 

8 

702 

2.846646 

2.846708 

2.S46770 

2.846832  ‘ 

703 

2.847264 

2.847^26 

2.84738S 

2.847449 

704 

2.84788  1 

2.847943 

2.848004 

2.848066 

705 

2.848497 

2.848559 

..848^20 

2.8^.8682 

706 

2.849112 

2.849174 

2.849235 

2.849x96 

707 

2.849726 

2.849788 

2.S49849 

2,-  84991  I 

708 

2.850340 

2.8504OI 

2.850462 

2.850524 

709 

2.850952 

2.85’iOi4 

2.85 1075 

2.851 136 

710 

2.85  1 564 

2.851625 

2.85 1686 

2.851747 

711 

2.852575 

2.852236 

2.852297 

2.852358 

712 

2.85  27  8  < 

2.852846 

2.852907 

z.8  52968 

71 3 

2.853394 

2.853455 

2.85  35 16 

2.8535,76 

714 

2.854002 

2.854O63 

2.854134 

2.854184 

755 

2.S54610 

2.S54670 

2.854731 

2.854792 

716 

2.855216 

2.855277 

2.855337 

2.855398 

717 

2.85  5822 

2.85  5882 

2.855943 

2.856003 

718' 

2.856427 

2.856487 

2.856548 

2.856608 

719 

2.857031 

2.857,09  I 

2.8571 5 1 

2.857212 

720 

2.857634 

2,857594 

2  857754 

2.8578 15 

72 1 J 

2.858236 

2.858296 

2.858357 

2,858417 

712 

s.^SS33 

2.858898 

2.858958 

-  • 

2.85901 8 

723 

2.S  59438 

2.859498 

2.859559 

2.859619 

724 

2.863038 

2.86009S 

2.860158 

2.8602 1 8 

725 

2.860637 

2.860697 

2.860757 

2.860817 

726 

2.861236 

2.861295 

2.861355 

2.86141 5 

727 

2.861833 

2.861893 

2.86195s 

2.862012 

728 

2.862430 

2.8624S9 

I2.862549 

2.862608 

72c 

2.863025 

2.863085 

2.863144 

2.863204 

73° 

.  2*863620 

2.85'368o 

2.863739 

2.863798 

7?' 

2.8642  14 

2. 804274 

2.8  64  3:;  3 

2.864392 

73s 

2  864808 

2.864867 

2.864926 

J  2.864985 

733 

2.S6540O 

2.865459 

2.865  5 1 8 

;  ^*6557* 

734 

2.865992 

2?86605  1 

2.8661 10 

! 

j  2,866169 

7  35 

2.8665  83 

2.866642 

|  2.866701 

;  2.866760 

736 

2,867173 

2.867232 

2.867291 

]  2.867350 

737 

2.867762 

2.867821 

2.867880 

!  2.867939  j 

738 

2.868350 

2.0684C9 

j  2.868468 

j  2.868527 

739 

2.868938 

2.868997 

2  869056 

:  2.869114 

3  0  ^ 

740 

2.869525 

2.869584 

2.869642 

2,869701 

(  .0  c  1 

74  i 

2.87OHI 

2.87017O 

2.870228  j  2.^70257 

742 

2.870696 

2.870755 

2.870813  |  2.S70S72 

743 

2.871281 

2.871339 

2.871398  2-871456 

744 

1,871865 

2.871923 

j  2,871981 

f  2.072040 

.846893 


(_3iOj 

&#] 

62 

62 
6  2 
62 
61 
61 
61 
61 
61 

2, 85241.9  |  61 


2.853029 
2.85  3537 
2.854245 
2.854853 

2-^55459 
2.856064 
2.856  66% 
2.857272 


2.868586 

2.869173 

2.869760 

2.870345 

2.870930 

2.871515 

2.872098 


6 1 

61 ) 

61 

61 

61 

60 

60 

60 


2^57875  60 

2.858477 
2.859378 

2.859679 
2.860278 
2.860877 
2.861475 

2.862072 
2.862668 
2.863263 
2.863858  j 
2.864452 
2865045 
2.865637 

2.866228 


6o 

60 

60 

60 

60 

60 

60 

60 

60 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

59 

58 

58 
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hum.  | 

O 

2 

? 

4 

74$  j 

2.872156 

2.872215 

2.872273 

a. 87233 1 

2.872389 

58 

746 1 

2.872739* 

3-87  2797 

2.872855 

2.872913 

2.872972 

58 

747 

2.873321 

2.873379 

3.873437 

2.873495 

2.873553 

$8 

748 

2.873902 

2.873960 

2.874018 

2.874076 

2.874134 

58 

749 

2.874482 

2  874540 

2.874598 

2*87465  6 

8.874714 

$8 

7$o 

2.875061 

2.875119 

2.875 177 

2.875235 

2.875293 

58 

7$ 1 

2.875640 

2.875698 

2.875756 

2.875813 

2.87587 1 

$8 

7$2 

2.8762  18 

2.876276 

2.876333 

2;876391 

2.876449 

58 

753 

2.876795 

2.876853 

2.876910 

2.876968 

2.877026 

$8 

754  j 

2.877375 

2.877429 

2.877486 

2.877544 

2.877602 

$8 

755  ! 

2.877947 

2.878004 

2.878062 

2.8781 19 

2.878177 

*57 

I  756 

2.878522 

2.878579 

2.878637 

2.878694 

2.87875 1 

57 

I  757 

2.879096 

2.879153 

2.879211 

2.879268 

2.879325 

57 

I  758 

2.879669 

2.879726 

2.S79784 

2.879841 

2.879898 

57 

s  759 

2.880242 

2.8S0299 

2-880356 

2.880413 

2.880471 

57 

1  76° 

2.8808  14 

2  880871 

2*880928 

2.880985 

2.881042 

57 

|  761 

2.881385 

2.881442 

2.881499 

2.881556 

2.881613 

57 

7^2  | 

2.881955 

2.88201 2 

2.882069 

2.88’’!-  6 

2.882183 

57 

763! 

2  882524 

2  882581 

2  882638 

2.8^4695 

2.882752 

57 

764 

2.883093 

2.883150 

2.883  07 

2.883  64 

2.883321 

57 

765 

2.88366I 

2.883718 

2.883775 

2.^83832 

2.883889 

57 

7  66 

2.8842^9 

2.884285 

2.  84342 

2.884399 

2^884455 

57 

767 

2  884795 

*,884852 

2.884909 

2.884965 

2.885022 

57 

768 

2.885  361 

a. 885418 

2.885474 

2.885531 

2.885587 

57 

j  7^9 

2*885926 

2.885983 

2.886039 

2.886095 

2.8861 52 

56 

770 

*•886491 

2.886547 

2.886603 

2.886660 

2.8867 16 

56 

771 

2.887054 

2.S87 1 1 1 

2. 8875.67 

2.887223 

2.887280 

56 

I  772 

2.887617 

2.887673 

2.S8773O 

2.8S7786 

2.887842 

56 

773 

2.888179 

2.888236 

2.8  8292 

2,8883  4b 

2.888404 

56 

|  774 

2.888741 

2.888797 

3.888853 

2.888909 

2.188965 

56 

775 

2.889302 

2.889358 

2.8894H 

2-889470 

^..889526 

56 

776 

•2.889862 

2.8899 18 

2.889974 

2.890030 

2.890086 

06 

777 

&. 890421 

2.8904/7 

2.890533 

2.890589 

2.890644 

56 

778 

2.890980 

2.891O35 

2. 89*091 

2.891147 

2.891203 

56 

j  779 

2.8^1537 

2.891593 

2.891649 

2,891705 

2.891760 

56 

780 

2.892005 

2.892150 

2.8922O6 

2.  8y  2262 

2.8923 17 

56 

j  781 

2.89265I 

2.892707 

2.892762 

2.892818 

2.892873 

56 

:  782 

2  893207 

2.893262 

2.893gl8 

2.893373 

2.893429 

56 

783 

2.893762 

2.893817 

2*89^873 

2.893928 

2.893984 

55 

784 

2.894316 

2.894371 

2.894427 

2.894482 

2.894538 

55 

78? 

2-89487O 

2.894925 

2.894980 

2.895036 

2.895091 

55 

I  786 

2  895422 

2.895478 

2.895533 

2.895588 

2*895643 

55 

!  7S7 

2.895975 

2.896030 

{2.896085 

t  2.896 140 

2.896195 

55| 

\um 


5 


from  i  to  iqp90 
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755 

756 

757 
75s 
75  9 
760 
701 
762 

765 
764 

jJj 

7 66 

767 

768 

769 

770 

77 1 

772 

111 

774 

775 

777 

778 

779 

780 

781 

782 

783 

784 

785 

786 

787 


2.872448 
2.873030 
2.8 '■361.  1 
2.874192 
2.874772 
2.875351 
2.875929 
2.8765  c  ;6 
2.877083 
2.877659 

2.878234 

2.878809, 

2.879383 

2.S79956 

2.880528 

2.881099 

2.881670 

2.882240 

2.882809 

2.883377 

2.8S3945 

2-8845  12 
2.885078 
2.885644 
2.886209 
2.886773 
2.887356 
2.887898. 
2.888460 
2.889O21 
2.889582 

j  2.8 90 1 4 1 

2T890700 

2.891259 

2.891816 

2.892373 

2.892929 
2.893484  ' 

2.894039  j 

2.894593  j 
2.895146  1 
2.895699; 
2.896  25  ij 


2.872506 
2.873088 
2.87  3669 
2.874250 
2.874830 

2.875409 

2.875987 
2.876564 
2.877141 
2  877717 

2.878292 
2.878866 
2-879440 
2.880013 
2.880585 
2.881 1 56 
2.881727 
2.882297 
2.882866 
2.883434 
1.884002 

2-884569 
2.885 135 
2.885700 
2.886265 
2.886829 
2.887392 
2.887955 
2.8885 16 
2.889077 
2.889638 
2.890197 


2.890756 

2.891314 

2.891872 

2.892428 

2.892985 

2.893540 

2.894094 

2.894648 

2.895201 

2.895754 

2.896306 


8 


2.872564 
2.873 146 

2.873727 

2.874308 
2.874887 
2.875466 
2  876045 
2.876622 
2.877198 

l*8 ’7774 
2.878349 

2.878923 

2.879497 

.2.880070 

2.880642 

2.881213 

2.881784  j 

2.882354 ; 

2.882923 1 

2.883491 

2,884059 

2.884625 
2.885191 
2.885757 
2,88632 1 
2.886885 
2.887448 
2.88801 1 
2.888573 
2.889133 
2.889694 
2.8902  5_3 
2.890812 
2.891370 
2,891927 
2.892484 
2.893040 

2.893595 

2.894150 

2,894703 

2.895257 

2.895809 

2.896361 


2.872622 
2.873204 
2.873785 
2.874366 
2.8;  4945 
2.875524 
2.876102 
376680 
2.877256 
2.877832 

2.878407 

4.878981 

2.879555 

2.8801,27 

2.880699 

2.88/270 

2.88 1841 

2.882411 

2.882980  ! 

2.883548 

2.8841 1 5 

2.884682 

2.885248 

2.88-5813 

2.886378 

2.886942 

2.887505 

2.888067 

2.888629 

2.889190 

2.88*750 

2,890309 

2.890868 

2.89 1426 
2.891983 
2,892540 

2.893096 
2.89365 1 
2,894205 

2.894759 

2.895312 
3.895864 
2.89641 6 


2.872681 
2.873262  j  50 
2.873843  58 

53 


m 

5* 
5* 


2.8^4424) 
2.875003 
2.875582 
2.876160 
2.876737 
2.877314 
2.8778(89 


2. 

2.879038 

2.879612 

2.880185  I 

2.880756  j 

2.881328 

2.881398 

2.882468 

2.883036 

2.883605 

2.884172 


2.884739 
2.88  s;  305 
2.88  5870 
2.886434 
2.886998 
2.887561 
2.858 1 23 
2.SS868  5 
2.889246 
2.889806 
2.890365 


58 

58 

58 

•>8 

53 

J8 

57 

57 

57 

57 

57 

57 

57 

57 

57 

57 

57 


2.890924 

2.891482 

2.892039 

2.892595 

2*893*  5* 
a.893706 
2.894261 
2.894814 
2.895367 
2.895919 
2.896471 


57 
57 
57 
56 
56 
56 
56 
56 
56 

56 
56 

<6 

56 
56 
56 
5<5 
56 
55 
55 
55 
55 
55 
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'Num.  , 

_ °  1 

I  j 

- -r— - - 

2 

3 

4 

u;/ 

78  $ 

1.896526 

2.896581 

2.896636'j 

2.89.669 1 

2-896747 

$$ 

7S9 

2.897077 

2.897132  | 

2.897187  ! 

2.897  Ha 

2.897297 

$$ 

790 

2.897627 

2.897682 

2*097737 

2.897792 

2.897847 

5$ 

791 

2.898176 

2.89823  x 

2.898286  f  2.898341 

2.898396 

5$ 

792 

2.898725 

2  898780 J 

2.89883  5  : 

2.898890 

8.898944 

$$ 

793 

2.899273 

2.8993  28  j 

2.899383j  2.899437 

2.899492 

$$ 

794 

2.899820 

2.899875  j 

2.89993O 

2.899985 

2.900039 

5$ 

795 

2.900367 

2.9  0O422  | 

2  900.1.76; 

2:90053 1 

2.900586 

$$ 

796 

2.9009 1 3 

2.9OO968 

2,901022  | 

2.901077 

2.901  1 3 1 

6$ 

■797 

2.901458 

2.901  J  Ig 

2.90156,7  \ 

2.90x612 

2.901676 

$4 

798 

2.902003 

2.90.2057 

2.902112  j 

2.9  >2166 

2.902220 

$4 

799 

2.902547 

2  902601 

2.902655  ■ 

2.9027 10 

2.902764 

$4 

800 

•2.903090 

2.903144 

2.903  I98 

2.903253 

2,903307 

54 

8gi 

2.903632 

2.903687 

2*903741 

2.90379$ 

2.903849 

$4 

|  802 

2.904174 

2.904228 

2.904283 

2.904337 

2.904391 

$4 

803 

2.904715 

2.904770 

2*904824 

2,904878 

2.904932 

$4 

804 

2.905256 

2.9053  IO 

2.905364 

2,905418 

2.905472 

$4 

!  805 

2.905796 

i.905850 

2  905904 

2,9.35958 

2.90601 2 

$4 

|  806 

2  906335 

2  906389 

2.906443 

9.906497 

2.906550 

$4 

1  807 

2.906873 

2.906927 

2.906981 

s. 90703  5 

2.907089 

54 

|  808 

2.9074x1 

2.907465 

2,9°7  $  19 

2.907573 

2.907626 

$4 

809 

2.907948 

1 908002 

2.908056 

2.908109 

2.908103 

$4 

810 

1 1.908485 

2,908539 

2.908592 

2.908646 

2.908699 

$3 

81 1 

2.  9  09021 

2.909074 

2.909128 

2.909181 

2.909235 

$3 

812 

2.909556 

2,909609 

2.909563 

2.9007x6 

2.90977° 

$3 

813 

&°9 10090 

2  910144 

2.9IOI97 

2.910251 

2.910304 

$3 

814 

2*910624 

2.910678 

2.-910731 

2.9x0784 

2,910838 

$3 

815 

2*9.1  1 158 

2  9  I  L  2  X  I 

2  911264 

2.9113*7 

2.91137s 

$3 

81 6 

2*91 1690 

2.91  *743 

2-91*797 

2.9s  1850 

2 .9 1 1 903 

53/ 

817 

2*912-222 

2*912275 

1.9*2328 

2,91238 1 

2.91243* 

$3 

818 

2*912753 

2,91280  6 

2.912859 

2-9x29x2 

2,912966 

53 

819 

2*913284 

2.91333; 

2.913390 

2*91344? 

2,91 3496 

$3 

820 

2.913814 

2.913867 

29 13920 

2,913973 

2.914026 

$3 

82.1 

2.914343 

2.014396 

2,9x4449 

2.914502 

2.914555 

$3 

822 

2.914872 

2,914925 

2*914977 

2.915030 

2.91 5083 

53 

8z? 

2.915400 

2-9^453 

2*9155°$ 

2.9x5558 

2,9  i  5  6 1 1 

$3 

824 

2.915927 

2.915980 

2.916033 

2,916085 

2,916138 

$3 

825 

2.916454 

2.916507 

2.9x6559 

2,916612 

2.916664 

$3 

826 

2.916980 

2*9*?°33 

2*917085 

2,917138 

2.9  1 7  1 90 

$3 

827 

2.9175°$ 

2.9175  5  & 

2*917610 

2.9  57663 

2.9177x5 

$2 

8»8, 

2-918030 

2.918083 

2*918x35 

2.918188 

2.918240 

5  2 

H 

2  9L8555 

2.918607 

2*9 18659 

2,918712 

2,918764 

52 

L  ^3o! 

2.9S9078 

2.9191 30 

i  2-919x83 

2.9x923$ 

2  919287 

$2, 

from  1  to  10000. 

(  3+9  )  j; 

\u  m  \ 

5  ! 

6  i 

i 

7 

8 

9 

78  8 

2.896802 

2.896857  | 

2.896912 1 

2.896967 

2.897022 

55 

789 

2-897352 

2.897407 

2.897462 

2.897517 

2.897572 

55 

7  go 

2.897902 

2.897957 

2.898012 

2.898067 

2.898122 

55 

7ol 

2,898451 

2  898506 

2.898561 

1.8986*  5 

2.898670 

55 

792 

2.898999) 

2 899054 

2.899109I 

2.899164 

2.8992 18 

55 

793 

28995471 

2.890602 

2.899656 

2.899711 

2  899/66 

55  | 

794 

2.900094 1 

2.900149 

2.900203 

2.900255 

2.900312 

55 

79S 

2.900640; 

2.900695 

2.900749 

2.900504 

2.90055a 

55 

796 

2.901186  j 

2.901240 

2.901 295 

2.901349 

2.90*404 

55 

797 

2.901721 

2.901785 

2.901840  ] 

2.901894 

2,901948 

54 

798 

2.902275  ! 

2*902329 

2.902384 1 

2.902438 

2.902492 

54 

7Q9 

2.902818 

2.902873 

2.902927 

2.90298 1 

2.9O3036 

54 

800 

2.903361 

2.903416 

2.903470 

2.903524 

2.903578 

54 

80 1 

2.903903 

2.9039s8' 

2.904012 

2.904066 

2.904120 

54 

802 

2*04445 

2.904499 

s.904553 

2.904607 

2.904661 

54 

803 

2.90498  6 

2.905,040 

2.905094 

2.905 148 

2.905  20s 

54 

804 

2.905  526 

2.905580 

x.9056^4 

2.905688 

2.905742 

54 

8ck 

2.906065 

2.9061 19 

2.906173 

2.906227 

2.90628 1 

S4 

-/7 

806 

2.906634 

2.906658 

2.906712 

1  2.906766 

2.906820 

54 

807 

2-907142 

2.907196 

j  2  907250 

1  2.907304 

2.907358 

54  1 

808 

2.9076S0 

2.907734 

2.907787 

2.907841 

2.907895 

54  } 

2.9082 17 

2.908270 

2.908324 

2.908378 

2.908431 

54 

Rio  2-9087n 

2.908807 

j  2.908860 

.  2.908914 

2.908967 

54  j 

8l  1 

2.909288 

2.909342 

I2.909395 

2.909449 

2.909502 

54 

8  n 

2.909823 

2.909877 

2.969930 

2.909984 

2.9 10037 

53 

8i  3 

2.910358 

2.91041 1 

2.910464 

2.9105 18 

2.910571 

53 

8  14 

2.910891 

2.910944 

2.910998 

2.91 1051 

2.9  w  104 

53  | 

815 

■  2.9 1 14.-24 

2.911477 

2.91 1530 

2.91 1584 

2.91 1637 

53  j 

816 

2.91 1956 

2.9 12009 

2.912063 

2.9  i  2  u6 

2.912169 

53  j 

817 

2.912488 

2.912541 

3.912594 

2.912647 

O 

2.912700 

53 

8 1 8 

2.91 3019 

2.913072 

2 913125 

2.91 3 17  6 

2.91 3231 

53  1 

819 

2.933549 

2.913602 

2.91365S 

2.913708 

2.91^376 1 

53  j 

820 

2.9  54079 

2.9141  3  1 

2.914184 

2.914237 

2.91"  4290 

53 1 

2.914608 

2.9I466O 

2.914713 

2.9147,66 

s.914^39 

53 

822 

2.91513^ 

2,915189 

2.915241 

2.91 5294 

2.915347 

53 

823 

2.915664 

2.91571 6 

2.915769 

2.9 15822 

2.915874 

53 

824 

2.916191 

2.916243 

2.916296 

2.9 16349 

2.916401 

53 

82< 

2*916717 

2.916770 

2,916822 

2.916875 

2.939927 

53 

826 

2.917243 

2.9i7295 

2.917348 

2.91 7400 

2.917453 

53 

827 

2.9  *  77^8 

2.917820 

2.917873 

2.917925 

2.917978 

52 

828 

2.918292 

2.918345 

2.918397 

2.918950 

2.918502 

5a  1 

829 

2.9i88i6 

2.918869 

2.918921 

2.918973 

2  919026 

830 

2.919340 

2.919392 

2.  gt  044.4. 

0  -1 , 0  -i  r  6 

2,019549 

'  52  I 

(  55°  )  A  Table  of  Logarithms. 


Num 

O 

1 

2 

3 

4 

831 

2.91 9601 

2.9*9653 

2.9x9705 

3.919758 

2.9 198 IO 

T* 

832 

2.92c  1 23 

2.920175 

2.920228 

2.920280 

2.920332 

5  * 

833 

2.920645 

2.920697. 

2.920749 

2.920801 

2.92085  3 

52 

834 

1.921166 

2.921218 

2.921170 

2.92 1 322 

2.921374 

52 

835 

2.921686 

2.92x738 

2.92179O 

2.921842 

2.921894 

52 

836 

2.922206 

2.922258 

2.92  2  3  IO 

2.922362 ! 

2.92241 4 

52 

837 

2.922725 

2.922777 

2.922829 

2.922881; 

2.922933 

52 

838 

2.923244 

2.923296 

2.923348 

2.923399 

2.92345* 

52 

839 

2.923762 

2.923814 

2.923865 

2.923917 

2.923969 

52 

840 

2.924279 

2.924331 

2.924383 

2.924434 

2.924486 

52 

841 

2.924796 

2.924848 

2.924899 

2.924951 

2.925002 

52 

842 

2.9253*2 

2.925364 

2.9254*5 

2.925457 

2.925518 

52 

843 

2.925828 

2.925879 

2.92593* 

2.925982 

2.926034 

5? 

844 

2.926342 

2.926394 

2.926445 

2,926497 

2.926548 

5  * 

844 

2.926857 

2.926908 

2.926959 

2.92701 1 

2.927062 

5 1 

846 

2.927370 

2.927422 

2.927473 

2.927524 

2.927576 

5* 

847 

2.927883 

2.927935 

2.927986 

2.928037 

2.928088 

5* 

848 

2.928396 

2.928447 

2.928498 

2.928549 

2.928601 

5  * 

849 

2.92^908 

2.928959 

2.929010 

2.92906  i 

2*9291 1 2 

5* 

850 

2.9294*9 

2.929470 

2.929521 

2.929572 

2.929623 

$i 

8$i 

2,929930 

2.919981 

2.93OO32 

2.930083 

2,930134 

5* 

852 

2.9.30440 

*•93049* 

2.930541 

2.930592 

2.930643 

5* 

8  <53 

2.930949 

2.93 1000 

2.93IO5  I 

2.931 102 

2.9-3x153 

854 

2.9314^ 

2.931509 

2.93I  560 

2.93  16x0 

2.93 1661 

5* 

2.931966 

2.932017 

2.932068 

2.9321 18 

2.932 1  69 

*5* 

8<56 

2.932474 

2.932524 

2.932575 

2.932626 

2.932677 

5* 

857 

2.932981 

2.933031 

2.933082 

2.933133 

2.9331  83 

5* 

8^8 

2.9334^7 

4-?33‘>?8 

2.933588 

2.933(539 

2,93369° 

5* 

8*59 

2.933993 

2.934044 

2.934094 

2.934145 

2.934195 

5* 

8  60 

2.934498 

2.934549 

2.934599 

2.934650 

2.934700 

5° 

861 

2.935003 

2.935054 

2  935IO4 

£•93  5  *54 

2  935205 

5° 

862 

2.9?^  5°7 

2.935558 

2.935608 

2.935658 

2.935709 

5° 

863 

2.93601  I 

2.936061 

2.936UI 

2,936161 

2.93621 1 

5° 

864 

2.9365H 

2.936564 

2.936614 

2.936664 

2.9367*5 

5° 

86$ 

2.937016 

2.937066 

2.937**6 

2.937167 

2.937217 

50 

866 

2-9375  *8 

2.937568 

2.9376l8 

2.937668 

2.937718 

So 

867 

2.938019 

2.938069 

2.9381 19 

2.938169 

2.938219 

5° 

868 

2.938520 

2.938570 

2.938620 

2.938670 

2.938720 

5° 

869 

2.939020 

2.939070 

2.939120 

2.939170 

2.939220 

5° 

870 

*•9395*9 

z-9395<5?. 

2.939619 

2.939669 

2.939719 

5° 

871 

2.940018 

8.940068 

2.9401 18 

2.940168 

2.940218 

<0 

872 

2.940516 

2.949566 

2.940616 

2  940666 

2.9407 1  6 

5° 

3 

2.941014' 

2,941064! 

2  9411 14 

2.941163 

2.94m? 

5° 

Num 

5 

83  | 

2,91 9862 

2.920384 

833 

2  910906 

834 

2.921426 

§3< 

2.9  21946 

836 

2.922466 

837 

2.922985 

838 

2.923503 

839 

2.924021 

840 

2.924538 

841 

2.925054 

842 

2.925570 

843 

2.9260S5 

844 

a. 926600 

84? 

2,927  *  14 

846 

2.927627 

847 

2.928140 

848 

2.928652 

849 

2.929163 

850 

2*929674 

8,i 

2.930185 

S$2 

2.930694 

853 

2.9312  3 

S54 

2.9317x2 

85$ 

2.932220 

856 

2.932727 

857 

2.933234 

-  858 

2.933740 

859 

2.93424.6 

&6O 

2.93475* 

86l 

2-9  35  25  S 

862 

2.935759 

863 

2.936262 

864 

2.936765 

865 

2.937267 

1  866 

2.937769 

867 

2.938269 

868 

2.93877O 

*  869 

2.939270 

870 

2.939769 

871 

2.94O267 

872 

2*940765 

2.941263 

from  i  t< 
6 

2.9199U 

2.91  436 
2.920958 
2  921478 
2  921998 
2.922518 
2.922037 

2-9235S5 
2.924072 
i. 924589 


I OOOO. 

.  7~ 

2.919967 

2.920489 

2.92  |0 LO 

2.921530 

2.925050 

2.922  570 

2.923088 

2.923607 

2.924124 

2.92464I 


_ 8 

2.920019 

2.920541 

2.921062 

2.921582 

2.922I02 

2.922622 

2.923 140 

2.923658 

2.924176 

2.924693 


2*925 106 

2.925621 

2.926137 

2.92665 1 

2.927*65 

2.927678 

a. 9  .8191 

2.928703 

2.929214 

2.929725  j 

2.930236  j 

2^3745  ' 

2.931254 

2.931763 

2.932271 

2.932778 

2.933285 

2.93379* 

2.934296 

2.9348°* 

2.935306 

2.935809 


5.925157 

2.925673 

2.926188 

2.926702 

2.9272  (6 

2.927730  | 

2.928242  ' 

2.928754 

2.9292661 

2  929776 

2.930287 

2.930796  J 

2.931305  j 

2.931814 

2.932321 

2.932829 

2.033335 

2  933841 

2.934347 

2.934852 

2.935356 

2.93586O 


2.936313 
2.936815 

2,9373*7 
2  937819 

2.9383*9 

2.938820 

2.9393*9 
2.939819 

2.940317 

2.940815 
2.94  ijmj 


2.936363 

2.936865 

2.937367.- 

2.937869 
2.938370 
2  93S87O 
2.939369 
2.939868 
2  940367 
2.940865 
2.941362 


2.915209 

2.925724 

2.9^6239 

2.926754 

2.927268 

2.92778* 

2.928393 

2.928805 

2.9293*7 

2.929827 

2.930338 

2.930847 

2.931356 

2.931864 

2.932372 

2.932879 

2.933386 

2.933892 

2-934397 

2.9349c2 

2.935406 

2.935910 

2.936413 

2.930916 
2.937418 
2. 937919 
2.938420 
2.938920 

2.9394*9 

2.939918 

2.9404x7 

2.9409*5 

2.9414*2 


(  55* 

)  t 

9 

Diff\ 

2.920071 

52! 

2.920593 

52 

2.92 1114 

52 

2  9&1634 

52 

2.922154 

52 

2.922674 

52 

2.923192 

52 

2.9237 10 

52S 

2.924228 

52i 

2.924744 

52  j 

2.925260 

52. 1 

2  925776 

52 1 

2.926  91 

52 1 

2.926805 

52  j 

2.927319 

52  j 

2.927832 

52  j 

2.928345 

52 

2.928856 

5* 

2.929368 

51 

2.929878 

51 

2.930389 

iif 

2.930898 

5*  j 

2.931407 

5* 

2,9319*5 

5s 

2.932423 

5 1 

2.932930 

51 

2.933437 

5 1 

2-933943 

51 

2.934448 

5* 

2.934953 

5° 

2-935457 

50 

2.93  5  9  6p 

50 

2.936463 

5° 

2.936966 

50 

2.937468 

50 

2.937969 

5° 

2.938470 

50 

2.938970 

50 

2.939469 

5° 

2.939968 

5° 

2,940467 

50 

2,940965 

50 

2,941462 

50 
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Num„ 

0 

I 

2 

3  ! 

4 

874 

2.9415 1 1 

2.941561 

2.94161 1 

2.941600’ 

2.9417  10 

50 

875 

2.942008 

2.942058 

2.942107 

2.942157 

2.942206 

50 

876 

2.942504 

2.942  554 

2.942604 

2-942653 

2.942702 

50  , 

877 

2.943000 

2.943049 

2.943:  99 

2.943 1 48 

2.943198 

49 

878 

2.943494 

2.943544 

^•943593 

2.943643 

2.9.-3692 

49 

879 

2.943989 

2.944038 

2. 944088 

2.944137 

2,944186 

49  ’ 

880 

2.944483 

2.944582 

2.94458 1 

2.944631 

2.944680 

49 

88 1 

2.914976 

2.945C27 

2.945974 

2.945124 

2.945173 

49 

882 

2.945469 

2.9455  l8 

2.945567 

2.945616 

2.945665 

49 

883 

2.945961 

2.946010 

2.946059 

2.946  ro8 

2.946157 

49 

884 

2.946452 

2.9465OI 

2.946550 

2.94.6600 

2.946649 

49 

885 

2.946943 

2.946992 

2.947041 

2.947090 

2.947139 

49 

886 

2.947434 

2.947483 

2.947532 

2.947581 

2.94763c 

49 

'  >  887 

2.947924 

2-947973 

2.948021 

2.948070 

2.948?  19 

49 

888 

2.948413 

2.948462 

2.9485  u 

2.948560 

2.948509 

49 

889 

2.948902 

2.94895I 

2.948999 

2.949048 

2.949097 

49 

89O 

2.949390 

2.919439 

2.949488. 

2.947536  j 

2.949585 

49 

89I 

2.949878 

2.949926 

2.949975 

2.950024 

2.950073 

49 

892 

2*950365 

2.950413  1 

2.950462 

2.9505 11 

2.950560 

49 

893 

2.95085  1 

2.950900 

2.950949 

2*950998 

2.951046 

49 

894 

2.951337) 

2.95  *386 

2.951435 

2.951483 

2.951532 

49 ' 

895 

2.951823 

2.951872 

2.95  19  2w 

2.951969 

2.952017 

49 

896 

2.952308 

2.952356 

2.952405 

2.952453 

2.952502 

48 

897 

2.952792 

2.952841 

2.952889 

2.952938 

2.952986, 

48  , 

898 

2.953276 

2.953325 

2.953373 

2.953421 

2.953470 

48 

899 

2-95376;, 

2.95^808 

2.953856 

2,953905 

2-9S3P53 

48' 

900 

2.954242 

2.954291 

2-954339 

2.954387 

2-954435 

48 

9°  1 

2.954725 

2-954773 

2.954821 

2.954869 

2.954918 

48 

902 

2.955206 

2.955255 

2.955303 

2.95  535  1 

2-955399 

48 

9°3 

2.955688 

2.955736 

2-915784 

2.955832 

2.95588Q 

48 

904 

2.956I.68 

Z.9562l6 

2.95626'4 

2.956312 

2.95636O 

48 

90$ 

2.956649 

2.956697 

2.956745 

2.956792 

2-9<;684o 

48 

906 

2.957128 

2.95717  6 

2.957224 

2.957272 

2.957320 

"P1 

907 

2.957607 

2.957655 

2.957703 

2.957751 

2-957799 

48 

908 

2.958086 

2.958134 

2.958l8l 

2.958229 

2.958277 

48 

909 

2.958564 

2.958612 

2.958659 

2.958707 

2.958755 

48 

910 

2.9<904I 

2.959089 

2-939*37 

2.959l84 

2.959232 

48 

91 1 

2.9595  l8 

2.959566 

2.959614 

2.959661 

2.959709 

4S 

912 

2-959995 

2.960042 

2.960090 

2,96013-8 

2.96O185 

48 

9*3 

2.960471 

2.960518 

2.960566 

2.960613 

2.96066I 

48 

914 

2.960946 

7.960994 

2.961O4I 

2.961089 

2.96II36 

47 

9 1* 

2.96l42l 

2.961468 

2.96l5f6 

2.961563 

2.96l6ll 

47 

9  6 

2.96l895 

2.961943 

2.961990 

2.962038 

2.962085 

M 

from  1  to  10000 

( 553 ) 

Niem 

5 

0 

|  . 

j  7 

3 

1  9 

874 

2.941760 

j  2.941809 

2.941859 

2.941909 

2.941958 

50 

^75 

2.942256 

2.94230  6 

2.942355 

2.942405 

2.942454 

50 

876 

2.942752 

2.942801 

2.94285 1 

2.942900 

2.942950 

50 

877 

2.943247 

2.943297 

2.943346 

2.943396 

2.943445 

49 

878 

2.943742 

2.943791 

[2.943841 

2.943890 

2-943939 

49 

879 

2.944236 

2.944285 

!2-944335 

2.944384 

2.9  4443  3 

49 

88u 

2.9447.9 

2.944779 

-2.944828 

2.944877 

2-9  14927 

49 

1  881 

2.945222 

2.945272 

|2  945321 

2.945370 

2-9454!9 

49 

83^ 

2.945715 

2.945764 

3^45813 

2.945862 

2.9459H 

49 

818  3 

2.946207 

2.946256 

2.946305 

2.946354 

2.9  46403 

49 

884 

2.946698 

2746747 

2.946796 

2.946845 

2.946894 

49 

885 

2.947189 

2.947238 

2.94728/ 

2.947336 

2.9473»5 

49 

886 

2.947679 

2.^47728 

2-947777 

2.947826 

2-947875 

49 

887 

2.948168 

2.9482 17 

2.948266 

2.9483  1  5 

2.948364 

49 

888 

2.948657 

2.948706 

2.948755 

2.948804 

2.948853 

49 

889 

2.949146 

*•949 5  95 

2.949244 

2.949£92 

2.949341 

49 

890 

2.949633 

2.949583 

2.949731 

2.949780 

2-949829 

49 

891 

2.950121 

2.950170 

2.950219 

2.950267 

2.95031 6 

49 

892 

2.950608 

2.950657 

2.950705 

2.950754 

2.950803 

49 

893 

2.951095 

2.951143 

2,951192 

2.951240 

2.9  5 1289 

49 

894 

2.9$  1 5  80 

2.95 1629 

2.951677 

j  2.95 172 6 

2.951774 

49 

895 

2.952066 

2.952114 

2.952163 

2.952211 

2.552259 

48 

896 

2.952550 

2.952599 

2.952647 

2.952696 

2.952744 

48 

897 

2.953034 

2.953083 

2.953731 

2.953180 

2.953228 

48 

898 

2.953518 

2.953566 

2.95361  5 

2.9$3663i 

2.95371  j 

43 

899 

2.954001 

2.954049 

2.954098 

2.954*46 

2954194 

48 

900 

2.954484 

2.954S32 

2.9C458O 

2.954628 

2.954677 

48 

901 

2.954966 

2.955OI4 

2.955062 

2.955110 

2.955158 

48 

902 

2.955447 

2-955495 

2.955543 

2.955591 

2.9  55640 

48 

903 

2.955928 

2.955976 

2.956024 

2.956072 

2.9561 20 

48 

904 

2.9564O9 

2.956457 

2.956505 

2.956553 

2.956601 

48 

905 

2.956888 

2.956936 

2.956984 

2,957032 

2  957080 

43 

906 

2.957368 

2.957416 

2.957464 

2.957511 

2-957559 

48 

907 

2.957847 

2.957894 

2.957942 

2.957990 

2.958038 

48 

908 

2.958325 

2.958373 

2.958420 

2.958468 

2.9585  16 

48 

909 

2.9588O3 

2.958850 

2.958898 

2,958946 

2.948994 

48 

910 

2.95928O 

2.95932s 

2  959375 

2.959423 

2.959471 

48 

911 

2-959757 

2.959804 

2.959852 

2-959900 

5-9)99 47 

48 

91 2! 

2.9602  33 

2.960208 

2.96032-8 

2,960376 

2.96o42  3 

48 

913 ; 

2.960708 

2.960756 

2.96o8-4 

2.96085 1 

2  95.0899 

48 

914 

2.96U84 

2.96123 1 

2.96l279 

2.961326 

2.9  61374 

47 

915 

2.961658 

2.961706 

2.96l753 

2.961801 

2.961848 

47 

916 

2.962132 

2.962180 

2^62227  - 

2.962275 

2  9  )2%22 

47 

efeaotsw c*aoi 

z 
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Num 

5 

6 

7 

8 

9 

917 

2.962-69 

2.962417 

2.962464 

2.9625  J I 

2.962552 

47 

918 

2.962843 

2.962890 

2.962937 

2.962985 

2.963032 

47 

9i  9 

2.9633^ 

2.963363 

2.963410 

1.963457 

2.963504 

47 

*  920 

2.963788 

2.963835 

2.963882 

2.963929 

2.963977 

47 

921 

2.964260 

2.964307 

2.964354 

2>.  9  6440 1 

2.964448 

47 

922 

2.96473 1 

5.964778 

2.964825 

2.964872 

2.964919 

,  47 

923 

2*965202 

2.965249 

2.965296 

2.965343 

2  965390 

47 

924 

2.96072 

2.965719 

2.965766 

2.96581 3 

2.965860 

47 

92$ 

2.966142 

2.966189 

3.966236 

2.966283 

2.966329 

47 

926 

2.96661 1 

2.966658 

2.966705 

2.966752 

2.906798 

47 

927 

2.967080 

2*967127 

2.967173 

2.967220 

2.967267 

47 

928 

2.967548 

2.967595 

2.967642 

2.967688 

2.967736 

47 

929 

2.968016 

2.968062 

2.968109 

2.968156 

2.968203 

47 

930 

2.968483 

2.968530 

2.968576 

2.968623 

2.968670 

47 

93S 

2.968950 

2.968996 

2.969043 

2.96  9090 

2.969136 

47 

932 

2.969416 

2.969462 

2.969509 

2.969556 

2.969602 

47 

933 

2.969882 

2.969928 

2.969975 

2.970021 

2.970068 

47 

934 

2.97^>347 

2.970393 

2.970440 

2.970486 

2.970533 

46 

935 

2.970812 

2.970858 

2.970904 

2.970951 

2970997 

46 

936 

2.971276 

2.971322 

2.971369 

2.971415 

2.97 1461 

46 

937 

2.971740 

2.971786 

2.971832 

2.971879 

2971925 

46 

938 

2,972203 

2.972249 

2.972295 

2.972342 

2.9723B8 

46 

939 

2.972666 

2.972712 

2.972758 

2.972804 

2.972851 

46 

940 

2.973128 

2.973174 

2.973220 

2.973266 

2-97331 3 

46 

94  s 

2'97359° 

2.973636 

2.973682 

2.973728 

*•973774 

46 

942 

2.97405; 

2.974097 

2-974H3 

2.974189 

2974235 

46 

943 

2-9745^ 

2.974558 

2.974604 

2.974650 

2.974696 

46 

944 

2-974972 

2.975018 

2.975064 

2.9751 10 

2.975156 

46 

945 

J-975432 

2.975478 

2.975524 

2.975570 

2.975616 

46 

946 

2.97589I 

2-975937 

2.975983 

2.976029 

2.976075 

46 

947 

2-976350 

2,976396 

2.976442 

2.^76487 

2.976533 

46 

948 

2.97  6808 

2.976854 

2.976900 

2,976946 

2976991 

46 

949 

2,977266 

2-9773  12 

2.977358 

2.977403 

2977449 

46 

950 

2.977724 

2.977769 

2.977815 

2.977861 

2.977906 

46 

95 1 

2.978  I  80 

2.978226 

2.P78272 

2.978317 

2  978363 

46 

952 

2.978637 

2.978683 

2.978728 

2,978774 

2.978819 

46 

953 

"•979O93 

2.979138 

2  979184 

2.979230 

2.979275 

46 

954 

2-979548 

<2-979594 

2.979639 

2.979685 

2.979730 

46 

955 

2.9^0003 

2.980049 

2.980094 

?y?8oi4o 

2.930185 

45 

9  56 

2.980458 

2.980503 

2.980549 

2.980594 

2  980640 

45 

957 

2.9809I  2 

2.980957 

2.981003 

2.98 1048 

2.98 1093 

45 

95S 

2.98136., 

2.98  !  41  1 

2.981456 

2.981501 

2.9S1547 

4$ 

1  959I 

2.98  if  8  t  9 

2.98  1  v  64 

25981909 ! 

2.98  1954 

2  982000 

45 

from  1  to  10000. 
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Num. 

0 

1 

2 

3 

4 

9l7 

2,962606 

2.962653 

2.962701 

2.962748 

2.962795 

47 

918 

2.963079 

2.963126 

2.963174 

,.963221 

2.963268 

47 

9 19 

2.963552 

•'•963599 

2.965646 

2.963693 

2.963741 

47 

920 

2.964024 

2.964071 

2.9641  ig 

2.964165 

2  964212 

47 

92 1 

2.964495 

2.964542 

2.964590 

2.964637 

2.964684 

47 

$Zl 

0964966 

2.965013 

2.96506c 

2.965  108 

2.965 1  <  5 

47 

923 

2.965437 

2.965484 

2.965531 

2.965578 

2.965625  j 

47 

924 

2.965907 

2.965954 

2.966001 

2.966048 

J.  9  6609  5 

47 

925 

2.966376 

2.966423 

2.966470 

2.9665  17 

2.966564 

47 

926 

2.966845 

2  966892 

2.966939 

2.966986 

2.967033 

47 

927 

2.9673*4 

2*967361 

•4.967408 

2.967454 

2.967501 

47 

928 

2.967782 

2.967829 

2.967875 

^.967922 

2  967969 

47 

929 

2.Q68  240 

2.968296 

2.968343 

2.968389 

2.968426 

47 

930 

a.  968716 

2.968763 

2.968810 

2.968856 

2.968903 

47 

93 1 

2.969183 

2.969229 

2.969276 

2'9^9323 

2.969369 

47 

932 

2.969649 

2.969695 

2.969742 

2.969788 

2.969835 

47 

933 

2.970114 

2.970161 

2  970207 

2.v7°254 

2.970300 

47 

934 

2.970579 

2.970626 

2.970672 

2.9707  *9 

2.970765 

47 

935 

2.971044 

2.971090 

2.971X37 

2.97 1 183 

2.97  *  229 

46 

936 

2.971508 

a.971554 

$.9  7 1600 

2.97*647 

2.971695 

46  j 

937 

2-97I97I 

2.972018 

2.972064 

2.9721 10 

2.972156 

46  J 

938 

2.972434 

^.972480 

2.972527 

2.9  2573 

2.972619 

46 

939 

2.972897 

2.972943 

2.972989 

2.973035 

?.973g82 

46 

940 

2.973359 

2.973405 

2-97345* 

2.973497 

2“973543 

40 

94 1 

2.973820 

2.973866 

2.973913 

2.973959 

2.974OO5 

46 

942 

2.974281 

2.974327 

2-974373 

2.974420 

2.974466 

46 

943 

2.974742 

2.974788 

2.974834 

2.974880 

2.974926 

46 

944 

2*975202 

2.975248 

2  975294 

2.97534° 

2.975386 

46 

94$ 

2.975661 

2.975707 

2-975753 

2.975799 

2.975S45 

46  ■ 

946 

2.976121 

2.976166 

2.976212 

2.976258 

2.976304 

46 

947 

2.976579 

j  2.976625 

2.976671 

2.9767  *7 

2.976762 

46 

948. 

2.977037 

2.97708,3 

2.977129 

2.977x75 

2.977220 

|_i? 

949 

2.977495 

2.977541 

2.977586 

2.9/7632 

2.977678 

I  46 

950 

2.977952 

22.977998 

2.978043 

2.978089 

2.978135 

46 

95 1 

2.978409 

[2,978454 

2.978500 

2.978546 

2.9/8591 

46 

952 

2.978865 

1  2.978911 

2.978956 

2,979002. 

2.979°47 

46 

953 

■2*9793  2 1 

!  2.979366 

2.979412 

2.979457 

2.9795Q3 

46 

954 

2.979776 

2*97y82^ 

2.979867 

z.979912 

2.979958 

46 

955 

2.980231 

2980-^7  6 

2.980322 

2.980367 

|  2.980412 

45 

9^6 

2.980685 

2.980730 

2.980776 

2.98082  5 

2.980867 

45 

957 

2.981139 

2.981184 

2  981229 

2.98*275 

2.98132c 

>  45 

95s 

2,981592 

2  981637 

2.981683 

2.98172-: 

2.-98177: 

45 

_ 959 

2.982045 

2.9820QC 

2,982136 

2.982181 

2.98222^ 

^  45 
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Num 

0 

1 

2 

3 

_  4 _ _ 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

44 

44 

44 

44 

44 

961 

962 

963 

964 

965 

966 

967 

968 

969 

2.982271 

2.982723 

2.983175 

2.983.626 

2.984077 

2.984527 

2.984977 

2.985426 

2.985875 

2.986324 

2.982316 
2.982769 
2.983220 
2.98367 1 
2.984122 
2.984572 
2.985022 
2.9S5471 
2.985920 
2.986369 

2.982362 

2.982814 

2.983265 

2.983716 

2.984167 

2.984617 

2.985067 

2.985516 
2.985965 
2.98641 2. 

2.982407 

2.982859 

2.9853 10 
2*983762 
2.984252 
2.984662 
2.9851 12 
^2.985561 
2.986010 
2.986458 

2.986906 

2-987353 

2  987800 
2,988247 
2.988693 

2.989138 

2.989583 

2,990028 

2.990472 

2.990916 

2.99*359 

2.982452 
2.982904 
2.983356 
2.98  3807 
2.984257 

2.984707 

2.985157 

2.985606 

2.986055 

2.986503 

2.98695 1 

2.987398 

*.98784? 

2.988291 

2.988737 

2.989183 

2.989628 

2.990072 

2^905 1 6 

2*990960 

2»99i403 

970 

97* 

972 
972 
.  974 

975 

976 

977 
97% 

979 

980 

2.986772 

2.987219 

2.987666 

2.988113 

2.988559 

2.989005 

2.989450 

2.98989$ 

2.990339 

2.990783 

1,991226 

2.986816 
2.987264 
2.98771 1 
2.988157 
2.988605 
2.989049 
£.989494 
2.989939 
2.990383 
2.990827 
2.991270 

2.986801 

2.987309 

2.987756 

2.988202 

2.988648 

2.989094 

2.989539 

2.989983 

2.990428 

2.990871 

2.99l3i5 

-981 

982 

983 

984 

985 

986 

987 

988 

989 

990 

2.99  *669 
2.9921 1 1 

2.992553 

2.992995 

2.993436 

2.993877 

2.994317 

2.994757 

2.995I96 

2*995635 

2,991713 

2.992156 

2.992598 

2.993039 

2.993480 

2.993921 

2.994361 

2.994801 

2.995240 

2.905679 

2.991757 

2.992100 

2.992642 

2.993083 

2.993524 

2.993965 

2.994405 

2.994845 

2.995284 

2  995723 

2.99 1802 

2.992244 

2.992686 

2.993127 

2.993568 

2.994009 

2.994449 

2.994889 

2.995328 

2.995767 

2.991846 
2.992289 
2,992730 
2.993172 
Sr.9936  *  3 

2.994053 

2,994493 

2.994933 

2.99637* 

2.995811 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

43 

99  * 

992 

993 

994 

995 
99<5 

997 

998 

999 

1 

2.996074 

2.996512 

2.996949 

2.997386 

2.997823 

2.998259 

2.998695 

2.999130 

2.999565 

2.9961 17 

2.996555 

2.996993 

2.997430 

2.997867 

2.998303 

2.998739 

2.999174 

2.999609 

2.996161 

2.996599 

2.997037 

2.997474 

2.997910 

2.998346 

2.998782 

2.999218 

2.999652 

2.996205 

2.996643 

2,997080 

2.9975*7 

2-997954 

2.998390 

2.998826 

2.999261 

2.999696 

2.996249 
2.996687 
2.9971 24 
2.997561 

2.99799s 
2.99S43  2 

2.998869 

2.999305 

2.999739 

from  1  to  10000* 

c  557 

) 

\ ium . 

5 

6 

7 

8 

9  ! 

960 

961 

962 

963 

964 

965 

966 

967 

968 

969 

2,982497 

2.982949 

2  983401 
2.983852 
2.984302 
2.984752 
2.985202 
2.98565 1 
2.98610} 
2.986548 

2  982543 

2.982994 

2.983446 

2.983897 

2.984347 

2.984797 

2.985247 

2.985696 

2.986144 

2.986593 

2.982588 

2.983040 

2.983491 

2.983942 

2.984392 

2.984842 

2.985292 

2.985741 

2.986189 

2.986637 

2.982633 

2.983085 

2.983536 

2.983987 

2.984437 

2.984887 

2.985337 

2.985786 

2.986234 

2.986682 

2.982678 

2.98313O 

2.983581 

1  984O32 
2.984482 
2.984932 
2.985382 
^.985830 
2.986279 
2.986727 

45 

45 

45 

45 

45 

45 

45 

■45 

45 

45 

970 

971 

972 

978 
974 
97  5 

976 

977 

978 

979 

980 

2.986995 

2.987443 

2.987890 
2.988336 
2.988782 
2.989227 
2.989672 
2.9901 17 
2.990561 
2*991004 
2.99*44.8 

2*987040 

2.987487 

2.987934 

£.988381 
2.988826 
2.989272 
2.989717 
2.990161 
2.990605 
s. 99 1049 
2.991492 

2.987085 

2.987532 

2.987979 
2.988425 
2.988871 
2.9893 1 6 
2.989761 
2.99  }206 
2.990650 
2991093 
2-99i')3<5 

2.987130 

2.987577 
2.988024 
2.988470 
2,988915 
2.989361 
2.98980  6 
2.990250 
2.990694 
2.991 1 37 

2.99*580 

2.987174 

2  987622 
2.988068 
2,988514 
2.988960 
2.989405 
2.989850 
2.990294 
2.990738 
2.99I  I§2 
2.991625 

45 

45 

45 

45 

45 

45 

44 

44 

44  1 
44  ! 

4  4  j 

981 

982 

983 

984 

985 

986 
9S7 

988 

989 

990 

991 

2.991890 

2.992333 

2.992774 

2.993216 

2.993657 

2.994097 

2.994537 

2.994977 

2.995416 

2-995854 

2.996293 

2.991934 

2.992377 

2.992818 

2.993260 

2.993701 

2.994141 

2.99458  * 
2.995021 
2.99546} 
2.995898 
2-99^3l£ 

2.99I979 

2.992421 

2.992863 

2.993304 

2.99374} 

2.994185 

2  994625 
2.995064 
2.995504 

?-995942 

2,996380 

2.992023 

2.992465 

2.992907 

2.993348 

1.993789 

2.994229 
2.994669 
2,-995 108^ 

2.995547 

2.995986 

2.996424 

2.992067 

2.9925C9 

2.992951 

*2,993392 

2.993833 

2.994273 

2.9947*3 

2.995152 

2.995591 

2.996030 

2.996468 

44 

44  | 
44  I 
44 

44 

44 

44 

44 

44 

44 

44 

992 

993 

994 
993 

996 

997 

998 

999 

2.996730 

2.997168 

2.997605 

2.998041 

2.998477 

2.998913 

2.999348 

2.999783 

2-796774 

2.997212 
2,997648 
2 998085 

2.9985  21 

2.998956 

,2.999392 

2*9998t6 

2.996818 
2.997255 
2  997692 
2,998128 
2.998564 

2.999OOC 

2.999435 

2,999870 

2.990862 

2.997299 

2.997736 

-2.998172 

I  2.998608 

i  2.999043 
2.999478 

2*999913 

/ 

2.996905 

2-997343 

2-997779 

2.998216 

2.998652 

2.999087 

2.999522 

2,9999s? 

44 

44 

44 

44 

44 

44 

44 

44 

^  3 
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A  Table  of  Artificial  Sines, 

O 

Degrees 

3 

P 

rh 

US 

Sine 

Tangent 

Secant 

u 

•J.O  JOOOO 

lO.OOOOOO 

3, 000000 

Infinite  1 

[0.000000 

Infinite 

5o 

2 

4 

5.463726 

5.76475^ 

0.940847 

7.065786 

y-999999 

9-999999 

9.999999 

9.999999 

6.463726 

6.764756 

6.940847 

7.065786 

13.536274 

13-235244 

[3.059152 

[2.9342*4 

[  0.0c  0000 

lO.OCOOCO 

10.000000 

10.000000 

13.536274 

13.235244 

[3.059153 

12.934214 

59 

5^ 

57 

s6 

$ 

6 

7 

8 

9 

7.162696 

7.241877 

7.308S24 

7.366816 

7.417968 

9.999999 

9.999999 

9-999999 

9-999999 

9.999998 

7.1626965 

7.241878 

7.308825 

7.166817 

7.41797°) 

12.837304 

12758122 

12.691175 

12.633183' 

12.58203c 

10.000000 

10.000001 

10.000001 

lO.OcCOO 

1 0.00000 1 

12.837304 

12.758123 

12.691176 

12.633184 

12.582032 

55 

54 

53 

52 

51 

10 

1 1 

12 

‘3 

s4 

7.463725 
7.505118 
7.5429  ,6 
7.577667 
7.609853 

9.999998 

9.599998 

9.999997 

9-y99997 

9-y99996 

7.463727 

7.505120 

7.542909 

7.57767' 

7.609857 

12.536273 

12.49488c 

I2-457°91 

12  422328 

12.390143 

1C.00CC02 

10.000002 

10.000003 

IC.000003 

10.000004 

12.536274 

12.494882 

12.457093 

*2.422333 

I2.39°*47 

50 

49 

48 

47 

46 

|!5 

1 6 
i? 

18 

19 

ao 

1  21 
{  22 

24 

25 

26 

27 

28 

29 

3- 

. - ■ 

7.639816 
7  667844 

7.694173 

7.7^997 

7.74247? 

9.999996 

9-999995 

9-999995 

9.999994 

9-999993 

7.639820 

7.667849 

7.694179 

7.719003 

7.742484 

12.360180 

12.332151 

12.305821 

12.280997 

12.2575 

10.000004 
[0.00000 5 
10.000005 
10.000006 

IO.OOOQC7 
— — —  ,  .....  . 

12.360184 

1  2.332156 
12.305827 
12.281003 

12.2575^3 

45 

44 

4  3 
42 

41 

7.764754 

7.785S43 

7.806S46 

7'82545i 

7*843934 

9-999993 

9.999992 

9.999991 

9.999990 

9.999989 

7.764761 

7.785951 

7.806155 

7.82546 

7.843944 

12.235239 

12.214049 

12.193845 

12*174540 

12.156056 

IO.COOOJ7 

10.000008 
1 0.000009 

[O.COOOIO 

lo.ooooii 

12.235246 

12.214057 

12.193854 

12.174549 

12.156066 

40 

39 

38 

37 

36 

7.86i662 

7.878695 

7.895085 

7.910875 

7.926U5 

7.940842 

9.999988 

9.999988 

9.959987 

9.999986 

9.999984 

9.999983 

7.861674 

7.878708 

7.895099 

7.910894 

7.926134 

7.940858 

12.138326 
12.12 1292 
12.104901 

1 2.089106 

12.073866 

12.05914s 

10.000012 
10.000012 
ic.oocoi 3 
10.000014 
10*0000 16 
1 0,000017 

Ii.l383j.is 

12.121305 

i  2.1049 1 5 

12..  89121 
12.073^8/ 
12.059158 

35 

34 

33 

32 

3i 

30 

Sine 

, 

Tangent 

- 

Secant 

>> 

• 

=5 

c 

r* 

a> 

yy 

!- 

89  Decrees, 

1 

Tangents  and  Secants. 


(  359) 


o  Degrees . 


% 

D 

P 

c* 

CD 

Sine 

I angent 

Secant 

30 

31 

32 

33 

34 

7.940842 
7.955082 
7.96S870 
7.982133 
7.995  >98 

9.999983 

9.999982 

9.999981 

9.99998 

9.999979 

7.940858 
7.955  ICO 
7.968889 
7,982253 
7.995259 

12.059142 
12.044900 
12.0311 1 1 
12.017747 
12.004781 

x  3.0000 1 6 
10.00001 8 
10.000019 
1C.COG020 

10,000021 

35 

36 

37 
3B 

39 

4c 

41 

42 

43 

44 

S. 007787 
8.020021 
8.091919 
8.043501 
8.054781 

9-999977 

9.999976 

9-999975 

9.999973 

9  999972 

8.007809 

8*020044 

8.031945 

8043527 

8.054809 

u. 992191 
u.979950 
11.968055 

*  1.956473 

1 1.945191 

1 0.00032  2 
10.900024 
10.00002  5 
10.000027 
10.000028 

^,065776 
8-076500 
8.086965 
8.097183 
8. 107167 

9-99997* 

9.99996; 

9.999968 

9.999966 

9.99996 

8.065806 

8.076531 

8.086997 

8.097217 

8.107202 

11.934194 
U.  923469 
1 1.913003 
1  i.  902783 
II.892798 

IO.OOOO29 

IO.OOOO3I 

IO.OCOO32 

IO.OOOO34 

*0.000037 

45 

46 

47 

48 

49 

8.1 16926 
8.1 26471 
8.1 35810 

8.14495? 

8.153907 

9.99996; 

9.99996 

9.999959 

9.99995b 

9999956 

8.1 10963 
3.126510 
8.135851 
8.144996 
8.153952 

1 1.883037 
11.873490 
U.864149 

1 1.855004 

1 1.846048 

IO.DOOO37 

IO.OCOO39 

IC.OOOO41 

IO.OCOO42 

1 0.000044( 

5° 

51 

52 

53 

if 

55 

56 

60 

8.162681 

8-171280 

8.179713 

8,18798-: 

8.196102 

9999954 

9-999y52 

9.999950 

9.999948 

9.999946 

8.162727 

8.171328 

8.179763 

8.18^036 
8.196*  56 

11.837273 

U.828672 

II.820237 

1 1.8  i  1964 

1 1.803844 

10.000046 
10.000048 
IO.OOOO5C 
2C.OOOO52 
10-0000  5 

8.204070 
8.21 1895 
8.219581 
8.227133 
8.234557 
8.241855 

9-999944 

9.999942 

9.999940 

9.999938 

9.999936 

9-99993^ 

8.204126 
8.21  k  95  3 
8.219641 
8.227195 
8.234621 
8.241921 

1  795874 

1 1.788047 
11.78035* 

1 1.772305 
11.765379 

1. 1.75807b 

10.000056 
10.000058 
io.oooc6c 
10.003062 
ro.000064 
io.ooco  66 

Sine 

Tangent 

12.059158 
12.044918 
12.031 13c 
12.017767 
12.004802 

11.99221 3 
n.979979 
11.968080 

n.956499 

u.9452  9 


30 

29 

28 

V 

26 


25 

24 

23 

22 

21 


U.934224/2C 
1 1.923  500 
11.913035 
ri. 902817 


11. 892833 


l5 

ib 


1 1.883074 
u.873529 
1  r. 86419- 

*  1.855047 

u. 84609 3 


1  i;8?73*  9 
11-828720 
11-820287 
1 1*812015 
i  I.803898 


U.79593O 
1  I.788105 
.  I.7804I9 
1 1.772866 
1  I.765443 
11.758145'  o 


t  c 

*5 

14 

*3 
12 
i  1 

10 

9 

8 

7 

6 


Secant 


& 

5 

.  5s 

I 

CD 

CO 


89  Degrees . 

”zT“  7~" 


(  36o  ) 


A  Table  of  Artificial  Sines, 


s 

f— l. 

E 

r-* 

oo 


I  Degree . 


o 

1 

2 

3 

_4 

I' 

6 


Sine 


8 


10 

1 1 


,8.241855 

8.249033 

8.256094 

8.263042 

8.269881 


8.276614 
8.283243 
8,289773 
8-29620; 
9  8.302546 

8.308794 

8.314954 
1*  8.321627' 
'2?|8p3270i6 

*48.332924 

15 
?6 

17 

iS 


\ 


9-999934 

9.999932 

9.999929 

9.999927 

9.999925 


9-9999 10 
9.999907 
9.999905 
9.999902 


19 

20 

21 

22 


25 

26 


8.350180 

8-35$783 

8.361315 


8.366777 

8.372171 

*>377499 

8-38^762 


9-999922 

9.999920 

9.999017 

9.9999I5 

9*999912 


angent 


8.24192* 
8.249 101 
8.256165 
8.263115 
8.269956 

8.276691 

8.283323 

8.289856 

8.296292 

8.302633 


8.308884 

8.315046 

8.321122 

8.327114 


8->38753  „  _  ,, 

8.344504  9.999894 


9.999899.8  333025 

9-999897I8.338856 


9.999891 


9.999888  8.355895 


9^99885 

9-999882 

9.999876 

9-99y879 

9.999873 


8-3  87962  9.999870 


8-393*01  9-999867 
8.398179  9.999864 
27  8.40319919.9998 6i 
8.408  I61I9.999858 
29  8.4130689.999854 
84  I  79  I  9*9.9^98  5  1 


30 


8.34461O 

8.350289 


8.361430 
8.366894 

8.3722591 

8.37762? 

8.382889  I  I.617IH 
8.388092I1I.61  I908 


Sine 


8.393234 

8.398315 
8.403338 
8.408304 
841 3213 
8418068 


1 1.60)685 


1 1,581932 


Tangent 


88  Degrees . 


Secant 

?  10.000066 
?  10.000068 
5 10.000071 
5 10.COC073 
4 10.000075 

11.758145 
11.750967 
II.  743906 
U. 736958 
11. 7  301 19 

60 

59 

58 

57 

56 

55 

54 

53 

52 

5  * 

?  J0.00007S 
7 10.000080 
4  10.000082 
4  10.000085 
7  10.000087 

11.723386 
U.716757 
f  1.7 10227 

“•703793 

11.697454 

3  10.000090 

4  10.000093 
*  10.000095 
5 10.000098 

10.000101 

11.691206 
11.68  5046 
11.678973 
u.  67x984 
11. 667076 

50 

(49 

48 

47 

46 

•  10.000103 
)  10.000106 

>  10.000109 
10.000 1 12 

>  10.0001 1 5 

1 1.661247 

11.655496 

1  f.  6498 19 
1 1.644216 
1 1.638685 

45 

44 

43 

42 

4 

10.0001  s  8 

1 1:633223 

40 

IO.OOOJ21 

1 1.627829 

39, 

10.0001  24 

11.622501 

38 

20.0001 27 

11.617238 

37 

10.000130 

1 1.612038 

36 

10.000133 

1 1 .606899 

35 

10.000136 

1 1.601 821 

34 

10.000139 

1 1.596801 

33 

1 0.000 142 

1 1.591839 

32 

IO.OOOI46 

1 1.586931 

3i 

IO.OOCI49 

11.582081 

30 

■  j 

Secant 

§ 

3’ 

«-» 

I 

CD 

c/» 

Tangents  and  Secants. 


(  3$  *  ) 


i  Degree. 


3 

P 

rt 

O 

WJ 


Sine 


30  ^*4i79i99-999^$2 

31  ~ 


32 

33 


348.43689 


3  jjS. 441.394 

36:§-44594i 

37:8.450440 


3B 

39 

40 

41 

42 

43 


8.422717 . 

8.427462  9.999844 
8.4321569.999841 


8.41806 
9.999848  8.422869 


9»999838 
9.999834  8.44156 
9.999831  8.4461 10 
.  #  9.999827  8.45061 3 

8.454893  9*999^23  8.455070 


^4593°2  ^9-999820 


8.463665I9.9998 16  8.463849 
8.467985  9.999812  8.4681  72 
8.472263  9.999809  8.472454 
8.476498  9.999805  8.476693 

44  8.48  ^693*9.99980 1  (8.48089 

45  8.484848J9.999797 
8.48896^9.999793 

8. 49304^9.999790 


8.48505c 
8.489170 
--  r  8.493250 

8*4970789.999786  8.497293 

8.501080  9.999782  8.50129b 

50:8.505045  9*999778 


46 

47 

48 

49 


51 18.508974*9.999774 


8-505  2.67 

,  .  - ,  r  8.509200 

52*8.512867^.999769  8.553098 

53'° 

54 


55 

5*6 

57 

58 


8.5 16726  9.999765 

9*999761 _ 

8*524343,9*999757  8.524586 


8  528102*9.99975 


8. 5318289. 99974S  8.532080 


70,8.5355239.999744 

5^!8.539i869.99974o 

go  8*542819  9.999735 


Sine 


Tangent 


8.427618 

8.432315 

8.436962 


8.459481 


§.5 16961 
8.5  20790 


8.528349 


8-535779 

8-539447 

8,543084 


11.581932 

11.577131 
11.572382 
1 1.567685 
11.563038 

11.558440 

1 1.553890 
H. 549387 
i  I.54493c 
I  M  405^9 

u. 536151 
11.531827 
1 1.52*546 
u. 523307 
1 1.5 19508 

11.514949 

1 1.5 1083c 
i  I.50675O 
1 1.502707 
£  1. 498702 


11.494733 
I  1 .490800 
I  I.486902 
I  1.483039 
U- 47921c 

11.475414 
1 1.47 1651 
f  1.467920 
11.464221 
1 1.460553 
1 1.456916 

Tangent 


Secant 

10.000149 

1 1.5820*1 

30 

10.000152 

n. 577283 

29 

10.0001 5  5 

ii. 572538 

28 

10.000159 

1 1.567844 

27 

10.000  62 

1 1.56320c) 

26 

10.000166 

11.558606 

25  j 

10.000169 

ir. 554059 

24 

10.000173 

1 1 . 5 49 5 60 

23 

1  c. coo 176 

1 1.545107 

'n 

10.0001  Sc 

1 1.540699 

21 

10.000184 

1  >'536335 

>2C 

10.000187 

11,532015 

g9 

10.00019 1 

11.537737 

18 

10.000  i  95 

1 1.523502 

17 

10.0:0199 

11.519307 

it 

10.000203 

1 1 . 5 1 5 1 5  2 

35 

1 0.000  5  06 

11*511337 

M 

10.000210 

1 1.50696c 

*3 

10.00C2I4 

11.502922 

12 

10.000218 

1 1.49892  0 

1 1 

►— « 

0 

0 

0 

0 

*0 

s 

4 1*49495  5 

10 

10.000226 

11*491026 

9 

10.000230 

s  1.487133 

8 

10.000235 

n. 483274 

7 

10.000239 

11.479449 

6 

10. 000243 

1 1.47565  7 

r 

•  V 

/ 

10.000247 

1 1.471898 

4 

10.0002^  2 

11-468172 

3 

IO.OOO256 

11.464477 

2 

10.000260! 

1 1-4608 14 

1 

10.000265 

x  1.457181 

c 

s 

Secant 

3 

C 

CL 

t/i 


88  Degrees . 


/ 


C  3^  ) 


A  Table  of  Artificial  Sines, 


2  Degrees . 


*2 

ri— »• 

3 

P 

r-r 

CD 


o 

1 

2 

3 

4 


Sine 


8.542819 

8.546422 

8.549995 

8*553539 

8,557054 


9*999735 

9.999731 

9.999726 

9.999722 


5 

61 

7 

8 

9 

10 
s  1 
12 
*3 

14, 

M 

16 

17 

18 

1? 

20 

21 
22 

23 

24 


8.560540  9.999713 


8.563999 

8  567431 


8.  <574214 


8.577566 

8*580892 

8*584193 

8.587469 

8.590721 

8-  5  93948 

8.597152 


Tangent 


9.999708 

9.999704 


8.5708369.999^99 


8.543084 

8.546691 

8.550268 

$.553817 


9*9997*7  8-557336 

8.560828 


8.564291 

8.5677^7 

8.571137 


9.999^948. 574520 


9.9996898.577877 


9.999685 

9.999680 

9.9996 751 

9-999670 

9.999665 
9.99966c 


8.6  )0332 9.999655 
9.99965° 

9.999645 


25 

26 

27 

28 

29 

30 


8.6034S9 
8.6066  3 

8.609734 

3.612823 


9.99964 
P-999635 
8.61589I  9.999629  8.6l6262 
8.6 1 8p37jj9. 999624  8.61931^ 
8.62 1962  9.999619  3.622343 

8.624965)9.9996 14  8^625752 
8.627948*9.999608  8.628340 
8.63091119.999603  8.631308 
8.6338549,999597  8.634256 
8.636776 9.999  92  8.637184 
^39680,9.999566  8.640093 


Sine 


8.581208 

.$8  514 

8.587  *94 
8.591051 


8.594283 

8.597492 

8.600677 

'*.603839 

8.606978 

8.610094. 


1 1.45^916 

11.4533^9 

11.449732 

11.446183 

11.442664 

Secant 

10.0002651 

10.000269 

10.000273 

10.000278 

10.000283 

1 1.457181 

n-453578 

I  I.45OOO5 
l  P44646I 

1  1.442946 

60 

59 

5s 

57 

56 

n.439172 

10  000287 

Il*439460 

55 

U.435709 

10.000292 

II.4360OI 

54 

1 1.432272 

10.0002  96 

i  1*432569 

53 

i  1.428863 

10.000301 

1  I’429l64 

52 

1 1.425480 

10.000306 

O.425786 

5i 

II  .422123 

10.00031 1 

«  1.422434 

5° 

1 1.418791 

1 0.0003 1 5 

II.4I9IO8 

49 

i  1.415486 

10.000320 

11.415807 

48 

11.412206 

10.000325 

f  1.412531 

47 

1 1.408949 

10.000330 

<  1.409279 

46 

II.40S7I7 

10.000335 

I  I.4O6J52 

45 

1 1.402508 

10.000340 

I  I.402848 

44 

II. 399323 

10.000345 

11.399668 

43 

11.396161 

10.000350 

II.3965H 

42 

1 1.393022 

10.0~.03  5  5 

*1-393877 

M 

11.389906 

10.00036c 

11.3902  66 

40 

11.38681 1 

10.000365 

ii. 387176 

39 

11.383738 

10.000371 

11.384109 

38 

1 1.380687 

10.000376 

11.3810 63 

37 

‘'•377657 

10.000381 

11.378038 

36 

u. 374648 

10.000386 

H.I75035 

35 

II. 371660 

10.0:0392 

11.372052 

34 

1 1.368692 

10.000397 

11.369089 

33 

i  1.365744 

10.000403 

1 1-366146 

32 

1 1.3628  6 

10.000408 

ti. 363224 

3i 

u.359907 

10.000413 

1 1.360320 

30 

Tangent 

Secant 

[  Minutes 

Degrees. 

Tangents  and  Secants 


( 363 ) 


Degrees 


S 

c 


n> 

in 


Sine 


8°js.63968o 

31 

32 


Tangent 


_  9.999586  8.640093 

8,642563  9.909581 18.642982 
-  8.645428  9‘999575l8*64S853 
33  8.64827419.999570:8.648704 
34j8.65l 1  °2[9«92  9^64|8.65 1 5  37 

35  8.65391 1  9-9995 58  8.654352 

36  8.6567049-999553  8.657149 

37  8.65947519-99,954718.659928 
3^  8.66223o|9*99954l  8.662580 
39  8.664968  9-999535  8.665433 


41 

4i 

43 

44 


47 


4c  8.667689  9-9 99529  8.668i6o 
8.670393I9.999524  8.670870 
8.673080  9.9995  J 8  8.673563 
8*67575  f,9-9995 12  8.676239 
8.678405  9.999506  8.678900 


45  8.6gio43  9-9995008.681544 

46  3.683665  9.999493  " 


49 

50 

51 

52 

53 

54 

a  r 

56 

57 

58 

59 
6c 


11.359907 

11.357017 

11.354147 


H.  34285 1 
I  I.34OO72 
II.3373U 
H.334567 

1 1.331840 
l  I.32913O 
II.326437 
II.323761 

II. $21100 


_ }  1 1. 318456 

8.684172  I  J. 315828 


8.686272:9.999487  8.686784|ll.3I32l6 
48  8.688863,9.999481  8.689381  II.3l06l^ 
8.691438  9.999475  8.691963  II.308037 

8.693998|9.999469  8.694529  II.305471 
8.696543  9-999462  8.697081  U.3029I9 
8.699073*9-9994^6  8.699617  is. 300383 
8.7OI589  9.999450,8.702139^  I.29786I 
8.704090  9.999443*8. 70464 6ij  1.295353 

8.706577  9-9>94:;7  8.70^39  1 292064 
...  8.7o>6t8.i  1.290382 
8. 71208311. 287917 
8.714534  i  1.285466 
8,716972  1 1.283028 
8.719396  11.280604 


8.709049 
8*7 1 J  5°7 

8.7*3952, 

8.71638  ; 


9-999431 

9.999424 

9-999418 

99994  1 


8.7l880C  9  99940, 


Sine 


Tangent 


10.00056 

10  000569 


Secant 

10.000413 

l  I.36032C 

3c 

10.000419 

|"-357437 

29 

10.000425 

u- 354572 

2o 

10.000430 

1 1*35  *  726 

2? 

10.000436 

1 1.348898 

26 

10.000442 

i .  .340009 

10.000447 

11-34*298 

"2  4 

10.000453 

I  1*B40525 

23 

10.000459 

ii*33777o 

2  2 

10.000465 

1  '.335032 

21 

10.000470 

4.33231  j 

2  c 

10.000476 

n. 329607 

U 

10.000482 

2  1.32692c 

18 

10.000488 

1 1.324249 

n 

10.000494 

i  I.32l8j9^ 

l  6 

10.00050c 

ii.5iS9s7 

10.00050  6 

i>. 316335 

U 

ic.0005  1 3 

II.3I2728 

10.0005 19 

n.3 11137 

12 

10.000525 

I.208C62 

1  ( 

10.00053 1 

1 J.5C0002 

.o 

10.000537 

n. 303457 

9 

10.000544 

11.300927 

8 

10.000550 

If .29841 ! 

7 

T  0.0005  5  6 

1  T.2959I0 

0 

1-294423! 

11.290951. 


10.000576  11.288493 
io.ooo582ji  1.286048; 

10.000589111.2836:71 


10.000596 


1 1. ■»  8 1200! 


Secant 


3 

2 

1 

o 

im 

1  -i  •* 

C 

«a 

Cft  ; 

in 


87  Degrees 


( 


) 


A  Table  oF  Artificial  Sines, 


3  Degrees 


3 

£3 

£ 

CD 

in 


Sine 


o 

1  3,721204 


23.723595 
33.725972 .  . 

4  8  728337  9.999378 

5  8.730638  9-99937  1 

6  8.733027  9.999364 


,  8.735353  ,  _ _ 

8  8.7376679^99350 

9  8,739969 

8.742259 


10 

1 1 

12 


*■3 


20 


8.7i88oo9»999404 


8.746801 


Tangent 


8  719396 


9-999398  8.721806 
9-999391 

9.999384 


8.- 


9*999357  8*735996 

8-738317 


9.999322 


8.7490559.9993158-749740 

9*9993q8  8751989 


14  8.75  i  297 

15  8.753528 
|6  8,755747 

17  8.757955 

18  8.760151 
tp  8.762337 


II 


9.9992798.76087 
9.999272^.76306 

9.999265  8.765246 

9-999257’8-7674i7 
9.9992  50'°“^“ 


21  8.766675 

22  8.768827  r  ,,,  , 

23  8.770970  9-999242 

*4  8.773foij9-999235 

25  8.775223)9.999227 

26  8.777333  9999220 

27  8.779434I9.999212 
a  8  8.78  i<2,i  o.QQQjnt 


28  8*78152459.999205 
8.783605  9.999 
8.785675  9*999 


29 

30 


Sine 


4 

Secant 

1 

>  1 1.280604 

3 11.278194 

3  U.2757y6 

^  11  273412 

?  1 1.271040 

10x0 .596  * 
10.000602  I 
10.000609  1 
10.00061 1  1 
10.000622  * 

7  1 1.268683 

5  11.266337 
?  I  L. 264004 

7  II.261683 
^  11.259374 

2  1  1.257078 
7111.254793 

?  1  l’25252I 
:  I  1.250260 
?  I  I  24801  I 

10,000629  4 
10.000636  1 
10.000643  1 
10,00065  c  1 
10.000657  * 

i  0.00066  1 
10.000671  1 
10.000678  1 
10.000685  * 
10.000692  1 

1  H.245773 
3  u. 243547 
$  11-241332 

2  1 1-239128 
>1^*236935 

10.000699  1 
10.000706  i 
ic.000714  1 
10.000721  1 

10.000728  1 

5  ii7234754 

7  11.232582 

8  1 1.230422 
7  1 1.228273 

6  j  1.226134 

10.000735  1 
|*o, 000743  ! 
10.00075  c  1 
10.000758  1 
10.000765 

5  11-224005 
4  1 1-221886 
2  11*219778 
0  n. 217680 
8  11.215592 

6  1 1.2135  *4 

10.000773  1 
10.000780  1 
10.000788  1 
10.003795  J 
10.000803 

1 0.0008  i  t  5 

Tangent 

, 

11.281200  6: 


1 1.250945 


•246472 


47 


15 

44 

43 

42 

41 

40 

39 

38 

37 

36 


Secant 


35 

34 

33 


3 

c 

r-r 

rt 

«/* 


86  Degrees . 


Tangents  and  Secants 


(  3<?5  ) 


3  Degrees 


3 

S= 

rt 

n> 

w» 


Sine 


308.78567s 
31 8.787736- 
8.780787 


35 

36 

37 

38 

39 

40 
4* 
4a 
43 

41 

45 

46 

47 

48 

49 

51 

52 


9-999  *8* 
9-9991 


Tangent 


9.999 1 89  8.7 86486  1  ■•2135  2 4 


Secant 


^ ,  10.0008 1 1 

8.788554 1 1. 21 1446 10.000819 

,  , , .  ,  J8*79c6i3  1 1*209387  1-0.000826 
9.99916618.792662  11-207338  10.000834 
9.9991 5  8|8. 794701  1 1-205299  10.000842 


54 

5  s 

56 

57 

58 

59 

60 


8.795881  9.999150^.796731  u. 203269 
8.797894  9.999142)8.798/52  11.201 248 
8.799897  9.9991348.800763  11.199237 
8.801891  9.999126  8.802765  u.  1972.3c 
8.803876  9.9991 18  8.804758  11.195242 

8.805852  9.9991108.806742  11.193258 
8.8078 19  9.9^9 102  8.808717  11.19;  283 
8.109777  9.9^9094  8.810683.1 1.189317 
8.8 1 1726  9.99908618.812641  1 1.187359 
8.8 1 3667  9.99907 7j8.8  1 45 891 1.1854 1 1 

8.815598  9.99906918.816529'  *  £.18347 1 
8.817522  9*99906 ij8.8.i 8461  1 1  •  1 S 1 539 
8.819436  9.999052:8.820384  2  J-  179616 
8.82*342  9.99904418.82229-8 
8.82324019^9990368.824^05 

8.825 130  9.99902718.826 103 
8. §27011  9.999019^8. 827992 


8.828884  9.999010 
53  8.830749  9.999002 
8.832607  9.998993 

8.834456  9.9989S4 


8.829874 
8.83  1748 
8.833-613 


-  .  - ,  ,  ,,  ^  .  8.83547 1 

8.836297  9.99897 6  8.837321 
8.838130  9.99896718. 839163 
8.83995^  9*99^958  8.840998 
8*841774  9.998950  8.842824 
8.8435^4  9-99^94 1  8.844644 


Sine 


n. 177702 

U.S75795 


11.173897 
11.175008 
1 1.170126 
1 1. 168252 
1 1.166387 


10.000850 

10.000858 

10.000866 

10.000874 

10.000882 

iO  OO089O 
IO.OC0898 
10.000  906 
10.000914 
10.000923 

1 0.00093  I 
IO.OC0939 
10.000948 
10.000956 
10.000984 


£  1-214325 
H.212264 
II.2102J3 

II.208172 

II.2G6141 
11-2041  19 

II- 202106 
1 1-200102 
I  I.198108 
H.  I96124 


1  I.I94I48 
11.1921  81 
1 1. 190222 
£  f  .188274 
I  £.186333 


I  1.184401 
II.182478 
1  1.180564 
*1.178657 
I  I.I76760 


lO.OOO973lil-I74870  10 


i0.C009Sl 

IO.OOO99C 


11-172989 

1 1.I71  ll6 


IO.OCO99S  I  i. I6925O 
IO.OOIOO7U  ».  167^93 


10.001016  ,  1.1*5^44 

10  00 1024 U  J.  £63702) 

{0.991033^  1.  S70I 


1 1.164529 
1  s.  162679 

I  1.160837  -|...»ui<iyv| 

i  I»  1  5 90021  *0-00  10421  60044I 


1  .t57175iJC*OOI°‘5ch  1.158226!  1 
if.  c,  5  3  6  1  Q-oo s  0  5 j  n .  1  s  64 1 6'  o 


Tangent 


Secant 


£ 

n> 

w 


86  Degrees 


(  $66  )  A  Table  of  Artificial  Sines,  j 

4  Degrees 

3f 

•—*  • 

a 

p 

<■* 

rt. 

Sine 

Tangent 

Secant 

I  1 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

3.843584 
3.845387  < 
8.847*8; 
8.848971 

3  850751 

^998941 
? 998932 
9*998923 

9-99%i>  H; 
9  99S905! 

8.844644 

8.846455 

3  848260 
8.850057 
8.851846 

11,1 553  5" 

1 1,1 53545 
11.15174c 
11  149943 
11.148154 

10.001059 

10.001068 

10.001077 

10.001086 

10.001095 

.1.156415  6oj 
LI. 154613  59j 
U.l52^i7  58S 
U. 15  1029  57j 
II. I49249  56] 

8.852524 

8.854290 

8.856049 

8.857801 

8.859546 

9.998896  8.85  3628 
9.9988878.8554O3 
9.9988788-857171 
9.^98869  8.858932 

9  9988608,860686 

1 1.146372 

11.144597 
n. 142829 
11.141068 
ii**393!4 

1  o.ooi  1 04 

1 0*00 1 1 1 3 

10.001122 

IO.OOII3I 

10.001140 

i i.i 47475  55 

11.145709  54 

H.I439S1  53  * 
11.142199  52 
11.140454  5 1 J 

I  o 

I I 

12 

*3 
f  4 

8.861283 
8  863014 
8.864738 

8.866454 

8.868 165 

9  998851' 
9.998841 
9.998832 
9.998823 
0,998813 

8  862433 
8.864172 
8.865905 
8.867632 
8.869351 

1 1.137567 
11.135827 
1 1*134095 

1 1.132368 

1 1  1 30649 

10.001 149 
IO.OOU59 
IO.OOI168 

10.001  377 
10.001  186 

11.138717  50 

1 1.136986  49 
11.135262  48 

11.133545  47 

1 1.13 1835  46| 

»6 

i? 

18 

;  9 

8.869868 
8,871 565 
8.87^255 
3.87493.8 
8.876615 

9.998804 

?-99879$ 

9.998785 

9.998776 

9.998766 

8.871064 

8,87277c 

8.874469 

8.876162 

I8.877849 

1 1.128936 
11.127230, 
11.125531! 
11.123838 
II  122151 

10.001196 

1 0.001205 
10.9012 1 5 
LO.OOI  22a 

10.001  234 

1 1.130132  451 
11. 1 28435  44l 

1 1.126745  42| 

1 1.125062  43 

I  1.123385  41 

20 

2S 

22 

23 

24, 

[8,87828 5 

8.879949 

8.881607 

8.883258 

8.884903 

9*998?57S8.879529 

9.99874718.881102 

9.99S737I8.882869 

9.99872818.884530 

9.998718,8.886185 

T  1,120471 
II.  I  J  8798 
I  t.I  I7I3I 
I  1.115470 
5  1.1  138lr 

lo.col  243 
10.001253 

10.001262 

10.001272 

10.001282 

1 1 . 1 2 1 7  I  5  40 
11-120051  39 
si. 1 18393  38 

1  i.i  16742^37 

1 1. 1 1  5097,3^ 

2s 

2.6 
27 
2  8 

29 

30 

8886542 

8.8881 74 

8.889801 

8.891421 

8.893035 

8.894643 

9.998708 

9998699 

9.998689 

9.99S679 

9.998669 

9.098655 

'8.887833 
|8  889476 
[8.891 1 1 2 

8,89  274^ 
8,894366 
8.895984 

II. 1  I2l67 
I  1.1  IO524 
I  1^X08888 

11.10725$ 
l  I.IO5634 
1 1 . 1 0401 6 

jlo.001292 
IO.OOl 301 
10.001 3 1 « 
10. 001 321 

10.00  1331 
(Uo.001341 

1  J.ii  3458:35 

1 1.1 1  i826:34 

1 1 .1 1019953  3 

1  i.io8<79j32 
11.106965  31 

1 1.104357  !i 

Sine 

Tangent 

§ 

Secant  S 

r-r 

Cl 

85  Degrees  a 

Tangents  and  Secants. 


(  3^7  ) 


4  Degrees 


3° 

3 1 

32 

33 

34 

35 

36 

37 

38 

39 


40 

41 

42 


44 


Sine 


8.P0885 


8.910404 
8*911949 
^8.9 13488 
43)8.91 5022 
3-996$  50 
8.918073 


$0 

5 1 

52 


54 


45 

468.919591  ,  _ 

47  8.921 103  9.998485 

48  8.92261c 

49  8.9241 1  / 


8.925609 
8.927 10 


8.894643  9.998659  8.895984 
8.896245  9.998649  8.897596 
8.897842  9.9986398.899203 
8.899432  9.998629  8.900803 
8.901017  9.998619  8.902398 

8.902595  9.998609  8*903987 
8.904168  9.998599  8.505570 
8.905736 9.998  88  8.907147 
8.907297  9.998578  8.908719 
9*998568  8.910285 

9.59855 8  8.91 1846 


9.998453  8.927150 
9.998442  8.928658 
8.928587  9.998431  8.920155 
53  8.930068/9.998421  8.931647 
'  ~ '  9.998410  8.9331 34 

9.998399I8.9346I6 


8.931544 


Tangent 


9.998547  8.913401 
9.998537  8.914951 
9.998527  8.916465 
9.998516  8.918034 


9.998506  8.9 19567 
9.998495  8.921096 


8.922619 


9.998474  8.924136 
9.998464  8.925649 


9.99838818.936093 


55  8.93301$ 

5 6  Q. 93448  c  , 

57  8.9359429 

$88.9.37398  y*^ 

59  8.938850  9-99^3$5j8.940494 

60  8.940296  9.998344  8.941952 


11.104016 
11. 102404 
11. 100797 
1 1.099 197 
1 1.097602 


1 1.096013 
1 1.09443c 
1 1.092853 
1 1.091281 
1 1.089715 

1 1.088  if 4 
11.086595 
1 1.08  5045 
1 1.08350'; 
1 1.08 1966 

U.080432 
11.078904 
1 1.077381 
1 1.075864 

1 1.0743^1 

1 1.072844 
11.071342 
1 1.069845 
n.068353 
1 1.06686s 


Secant 


10.001341 

10.001351 

10.001361 

10.001371 

ic.001381 


10.005391 
1 0.00 1 40 1 
10.00141^ 
10  001422 
10.001432 


10.001442 

10.001452 

10.001463 

10.001473 

10.001484 


11.105357 
H. IO3754 
If. IO2758 
l  I.IOO568 
*1.098983 

U.097404 
II.O95832 
II.C94264 
II.O927O2 
I  I.Opi  146 


10.001494 
10.001  505 
10.0015 15 
10.001 526 
10.  .01  536 


i^Sine 


1  s.065384 
1 1.063907 
1 1.062435 
1 1.060968 
j  1.059506 
1 1.0)8048 


ic.001 547 
10.001558 
1 0.00 1  5.6* 
IC.001'579 
10.06 1596 


1 1.089596 
I  I.O8805I 
1  I.C865  I  2 
l  I.084978 
1  I.083450 


30 
2  P 
28 
27 
26 

2$ 

24 

23 

22 

21 

20 

19 

iS. 

l7t 


jTangent 


10.003601 

10.001612 

10.001623 

10.001634 
10.00 1645 
10.001 55c 


1 1.08  1927 

15I 

11.080409 

14.I 

1 1.078897 

I  21 

ll. 077389 

>  1 

I2f 

1 1.075888 

1  ii 

tl. 074391 

10: 

1 1.072900 

9| 

11.071413 

8. 

1 1.069932 

7 

2  J.068456 

6' 

U. 066985 

5 

11.065519 

4 

i  1.064058 

3 

1 1.062602 

2 

*.  1.06 i  1 5® 

- 

i 

5^704 

0 

Secant 

M  f 

a 

a 

85  Degrees * 


I  (  )  A  Table  of  Artificial  Sines, 


5;  Degrees 


o 

1 

2 

3 


5 

6 

7 

8 

9 

10 

1  I 
12 

13 

14 

l6 

*7 

18 

19 

20 

21 

22 

23 

«4 

25 

26 

27 

28 
2d 

30 


Sine 


8.940296 
8.941738 
8.943174 
8.94460  6 
8.946032 

8,947456 

18.948874' 
8.950287 
8.95  1696 
8.953100 


§ 

3 

s 

ft 

O 


9.99.5344 

9.998333 

9.998322 

9.99S3U 

9.998300 

9*99  8238 

9.998277 

9.998266, 

9.998255’ 

9.998243 


8.954499 

8-955894 

8.957284 

8.958670 

8.960052 


8.961429 

8.962801 

8.964170 

8.965534 

8.966893 

8.968  249 
8.969600 
8.970947 
8.9722891 
8.973628 


Tangent 

8.941952 

8.943404 

8.944852 

8.946295 

8.947734 

8-949168 

8.950597 

8.952021 

8.95344* 

8.954856 


9.998232 

9.998220 

9.998209 

9.998197 

9.998186 


8.956267 

8.957673 

8.959075 

8.960473 

8.961866 


8.97496^ 

8.976293 

8.977619 

8.978941 

8.980259 

8.981573 


9.998174 

9.998163 

9.99S151 

9.998139 

9*9»8i27 

9.99S1 16 

9.998104 

9.998092 

9.99808 

9.998068 

9.998056 

9.998044 

.9998032 

9.998020; 

9.998008 

9.997996 


8.963254 

8.964639 

8.9660191 

8.967394 

8.968766 


11.05804  0 
1 1.056596 
u. 05  5 148 

11.053705 

11.052266 

1 1.050832 
11.049403 
11.047979 
11,046559 
r  1.045 144 


11.043733 

11.042327 
1 1.040925 
i  1.039527 
1 1.038134 


8.970133 

8.971496 

8.972855 

8.974209 

8.97556° 


11.036746 
11.035361 
11.033981 
1 1.032606 
1 1.031234 

1 1 .029867 
11.028504 
i  1. 027145 
f  1.025791 
1 1.024440 


Sine 


8.976906 
8*978248 
8.979586 
8.98092 1( 
8.98225  ij 

*•933577' 


1 1.023094 
11.021752 
1 1.020414 
11,019079 
u.017749 
11.016423 


Tangent 


K 

Secant 

3 

C 

c-t 

q 

io.oqi6s6 

!  I.O59704 

'n 

0  ) 

10. 201667 

l  i  O48262 

59 

10.001675 

11. 056826 

58 

10.001689 

i  I.O55  394 

57 

10,001700 

.  I.O53966 

56 

io.ooi  ;  1 1 

1  I.052544 

55 

1 0.001 72, 

11. O5II26 

54 

10.001734 

11.049713 

53 

10  001745 

1  I.O483O4 

52 

10.061 7  £7 

I  I.O469OC 

li 

10.001768 

II.O45  5OI 

50 

10.00  1780 

I  I.O44IOC 

49 

10.001791 

l  I.C42716 

48 

10.001803 

U.O4133O 

47 

10.0018 14 

I  I.039948 

46 

10.001826 

£  1.938571 

45 

10.001837 

II.O37199 

44 

10.001849 

II.O3583O 

43 

io.ooi  86) 

II.O34466 

42 

10.00187-2 

l  J.O33IO7 

41 

10.001884 

11-031751 

40 

10.001896 

u. 030400 

39 

10.0019°$ 

H.O29053 

38 

10.001920 

II.O27710 

37 

10.001932 

11.026372 

36 

10.001944 

U.O25038 

25 

10.001956 

11.023707 

34 

10.001968 

I  I.02238i 

33 

10.001.980 

CI.02IOJ9 

32 

10.001992 

11.019741 

31 

10.002004 

II  018427 

30 

• 

^Secant 

84  Degrees . 


Tangents  and  Secants. 


(  3  69  ) 


5  Degrees . 


30 

31 

32 

33 

34 


Sine 


8.981573 
8.982883 
8.984 1 89 
8.985  49 1 
8.986789 


8.988083 

8.989374 


8.990660  9.997910 


8.991943 

8.993222 


35 

36 

37 

38 

1? 

408.994497 

41  8*995768 
428,99703  6 
438.998299 

44 

45 

46 

47 

48 

49 


9.997996' 

9.997984 

9.997972 

9.997959 

9-997947 


Tan 


9-997935 

9.997922 


9.997897 

9.997885 


9.997872 
9.997869 
9.997847 

,,  .,.9-997835 

8.999519  9-997822 


9.000816  9.997809 


9.002069 

9.003318 

9-004563 


9.Q05805  9.997758 

'  "UK.  — _ _ 


9.997797 

9.997784 

9-997771 


gent 


8.983577 
8.984899 
8.9862 1 7 
8.987532 
8.988842 


8.990149 

8.991451 

3.992750 

8.994045 

3-995837 


n.016423 
U. 015 101 
11.011783 
11.012468 
11.011158 


#.996624 

8.997908 

8.999188 

9.000465 

9.001737 


509  007044 

51  9-008278 

52  9-00951© 
539^010737 
54*9£_U962 
5519.013 182 
569^14400 


9-997745 

9-997732 

9-997719 

9.997706 

9.997693 


57 

5? 

59 

60 


9.99768o 
9.99766 7 

9.997654 

9.997641 

9.997628 


9.015613 
9,016824 
9.018031 

9.019235  9.9976149.02*620 


9.0030Q7 

9-004272 

9.005534 

9.006792 

9.008047 


>.009298 
9.010546 
9.01 1790 
9.0 1 303 1 
9.014268 

9-015502 

9.016732 

9.017959 

9.019183 

9.020403 


Sine 


11.009851 
1 1.008549 

11.00725© 

11.  £05955 
xi.o©4663 
11.003376 
1 1.002092 
1 1 'O008 1 2 
10.999535 

10.998262 

10.996993 

10,995728 

10.994466 

10.993208 

IO-99i953 

10.990702: 

10.989454 

10.988210 

10.986969 

10.985732 

*0.984498 

10.983267 

*0.982041 

10.980817 

to.979597 

10.978380 


Secant 


10.002004 

10.002016 

10.002028 

10.002041 

10.Q0205  3 

10.002065 
10.002078 
10.002090 
10.002102 
10.0021 15 


U.O18427  20 
11.0171172^ 
II.Ol58ll|28 

I  I.0I4500  27 

n.oi3«?S 


Tangent 


10.002127 

10.002 14  L 
IO.OO2I53 
IO.CO2165 
IO.O02178 


i0.002I9I 
IO.OO2203 

10.002216' 

10.002229  IO.99543 


11,011917, 

11.010626 
1 1.009340 
1 1.008057 

1 1.006778 
1 1.005503 
1 1.004232 
11,092964 
1 1.001701 
11.00044c 
10.99918^ 

10.99793  i 
10.996682 


10^002  242]  10.994 195 

10.00225  51(0.9^295  6 
io.002266j10.9917  22 


?  0.00228  i 

1 0.002 29 4 
IC.OO23071 


10,990490 

IO.989263 

10.988038 

US 


10.002320  10.^ _ 

10.002  3  33!  10.98  5  60C 


10.002  3  46! 
IO.OO2359 
10.002372. 

10.00238^ 


ie.984386 
IO.983176 
IO.98  1969 
10,980765 


s 


^cant 


21 

24 

23 

22 

21 

20 

*9 

18 

17 

16 

*? 

14 

13 

12 
1 1 


10 

9 

8 

7 

6 

1 


3 

•  2 

1 

o 


3 

n> 


84  Degrees  6 

'Pi  % 


V 


Minates^  ° 


C  37°  ) 


A  Table - 


6  Degrees 


Sine 


Tangent 


8 
Jr 
1.0 

1  1 

12 

*3 

M 

ip) 

|6 

f  7 
||8 

i? 

|2C 

121 

22 

23 

24 

Us 

26 

27 

28 

29 
3° 


9-997^4  9- >2  620  ‘ 

9.010431;  ^997^orOJ'834 

c  o2  i63Q|y*9975^^l9*  ^24°44 
v’02s82^.997‘i74  9-0252/ 
9.01 40 1 4  y-99746*  9f 3.^15 
^^  9-997547  9-0276^ 
9.02638;  7-997534  9.0*8852 
9.027567  9-99?52«  9-03004' 
o.028744|4'997  °7 19*  3 1  *37 

0.0200  i8|9-997493|9-°3247S 

93t;58'9  9.9974H9.033609 
9.^»57^99746ft  9.03479‘ 
9.033421  |v997452  9.035969 


t.  .973 


9.i34,8i|9.99743y 
9.03S74  j  9.997425 
9.o3689C'|9*99741 1 
q.028o48|7,‘997397 
9.oaQi97|^*9973^3 
Q.040342j9‘997369 

q.04.14.8  si  ^*997  35  5 


y.037  44 

9.038316 

9.039485 
9.040651 
9.041813 
9. 742973 

9.044 


9.045284 

9046434 

Q.047582 

9.048717 

9.049869 


1 "v 

i  o.< 
1  .« 


9.04262^l9*99734I 
9«0437629*997327 
9.044895  9*997313 

9.046026  9*997  29_v 

0.04.7 1 54  9*997^J5  1 _ Q 

9^048279  9*99727 1  9*°5 1008 

p.04940o9*997257  9.052H4 

9.0505i99*997242  9.053277 

9.051635  9*997*28 
9.05274S  9*997214 
9.053859  9‘997i99 


9.054407 

9*055535 

9.056659 


•Sine 


10. 


Secant 

10.002386 1 

Ji  .002399 « 

10.002412  < 

jc.002426 

10.002439 

•  ic.00145  3 
l  ic.002466 
10.002479 
j  10.002493 
?  10.002507 

0.98076)  6c 
0.979565  S 
0  978308  5* 
10.97717s  >' 
0.97  5 ‘/  84  5^ 

10.97+797  5 

10.97  3614  />< 
10.972433  5 
10.971256  5 

10.970082  5 

7  10.00252c 

9  ic.002534 

1  10,002548 
5  10.002561 
410.001575 

10.96891 1  5 
10.967743  4 
10.966579  4 

ic.965418  4 

10.96425  V 

^  10.002589 
p  10.002603 
1  10.002617 
>7  10.00263. 
0  10.002645 

10*963104  | 
IO.9619 ,2  ^ 
10.960803  L 
IO.9  9658  L 
10.958515^ 

^  10.002659 
j6  10.002675 
Lg  10.002687 
^  10.00270 
j!  10.002715 

*0.957375  • 
10.956238 
10,955105  ■ 
10.953974 
IO.95S846 

?2  10.002725 
56  10.00274* 
25  10.00275* 
10.00277:; 

5^  10.00278C 
40  ic.00280] 

IO.951721 
IC.9  50600 
10.949481 
l  10.948365 

;  10.947252 
10.946141, 

t 

Secant 

83  Degrees 


Tangents  and  Secants 


(  ?7*  ) 


6  Degrees^ 

o 


2 

3 

c 


Sine 


^Oj9.o5  3§5v 

3i  9.0540*6 
32|9.056o7' 

33.9- 0*57 172 
34,9;  0^271 

35.9- 059^67 
3%.  06046 

9-061551 
38  9.062639 
g9  0.063723 

40  9.064806 

41  9-065885 
4*  9*066962 
43  9-06803 c 

9.069107 


44 

45 

46 

47 

48 

49 

50 

$1 

$2 

53 

*4 

55 

56 

57 

58 

59 
6c 


y.997199 

9.997185 

^.997170 

9-997*  5e 
9.997141 


9.997127 

9-997112 

9.997098 

9.997083 

9.997068 

9.997053 


9*07017^ 
9*071242 
9.072305 
9.073366 
9.074424 


9.075480 

9.076533 

9.077583 

9.078631 

9.079676 


9.080719 

9.081759 

9.082797 

9.083832 

9.084864 

9.085894 


9.99697P 

9.996964 

9.996949 

9.996934 

9.996919 


9.996904 

9.996889 

9.996874 

9.996858 

9.096843 


9-996828 

9*996812 

9.996797 

9.996782 

9.996766 

9.996751 


Sine 


Tangent 


9.056659  10-94§34 1 
.057781  10.942219 
9.058900  10.941100 


10.002801 
10.00281 5 
10.002830 
9.060016  1  .939984!  10.002844 
10.93  887°!  10.0028  c  9 

10.937760:10.002873 
10.93  ,652  10.0028881 
10.93  5  547  10.002902 
10.934444  10.0029 17 


9.062240 
9.063348 
9.06+45  ^ 

9.065556 
9.066655  i^>.93 3345*10.002932 


9.067752 10.932248  IC.002947 
9.068846 10.931 154 10.002961 
9.069938  IC.93C062  10.002976 
9.071027  10.928973  10.002991 
9.0721 1 3  io*927S8/!io.o030c6 

9.073197*0.92680310.003021 
9.674278  10.925722 10.003036 
9^75556  10.924644' I0.°03o5i  1 
9.076432  10.923568  10.003066  1 
9.07750510.922495110.003081 

9.07857  6  10.921424 

9.079644IC.920356 

9.080710  10.919 
9.081773  10.9  8227 
9.082833  10.917367 

9^0  8  3*891  10.916109 
9.084947  10.915053 
9.086000  10.914000 
9.087050  10.9  J  2950 
9.088098.10.911902 
9.089144  10.9  10856 

10.003096 
10.0031 1 1 
10.003126 
10.003 1 42 
10.003157 

10.003172I 
10.003 1 88 
10.003203 
10.0032 1 8 
10.003234 
10,003249 

Tangent 

ic.94614 

10,945034 

10.943929 

10.942828 

10,941729 

3c 

I2? 

28 

27 

26 

10.940633 

2c 

10.939540124 

10.938^49 

23 

10.937361 

25 

10.936277 

2 1 

10.935194 

2f 

10.934115 

I( 

10.933038 

if 

10.931964 

1 7 

10.930893 

10.92982^ 

1 5 

10.928758 

M 

10.927694 

1 3 

10.926634 

1 2 

^.925576 

n 

10.924520 

1C 

10.923467 

9 

ic.922417 

8 

10.921369 

7 

10.920324 

6 

*.0.919281 

5 

10.918241 

4 

10.917203 

3 

10.916168 

2 

10.915136 

1 

10,914106 

0 

s 

Secant 

•j 

« 

t/# 

8  }  Degrees 

A  a  2 


(  372. ^ 


A  Table  of  Artificial  Sines, 
7  Degrees 


i-n 


Sine 


Tangent 


09.08^949-99675* 

,  9.c35922.|9-996735  9.090187 

~  .087947  9.9967’2°j9-°9l22o 
,.088970  9.996704p092266 
.08999019- 996688  9.097302. 

9.9966 7 3  9*°94335 


5 

a 

8  9.094-479.996625  9.097422 
9.996610  9-000440 


9.09*5056 


ic 

1 1 

12 

*3 

14 


9.096c  6  il9-9965  94j9-099468 
9.09706';  9  9>657^  9-I0CHs? 
9.0*8066  9.996562  9-1 5C4 
9.09906s  9.996546 b.102519 
9.100062  9.99653c  9- 10 36  3 2 

9.104542 


9.9965  J 4 


15  9,i0*o<;6  ^  77-  ^  ■ 

,.502048  9.99649^  9-105  55o 

'  9,96482  9- Iq6 5?  50 


16 

1 7  9.103037 

18  9.10402*5 

•  9  9. 10501c 

2''  9.IO5992 

21  9.IC6973 

22  ,'.107951 

23  9.IO8927 

24  9.109901 

9.1  1087; 

?.lil842 

9.1 12^09 

9.1*3774 
9.11473? 

9. 1  ?  5698 


2< 

26 

27 

28 

29 

30 


9-99633^ 

9.996388 


9.99643 
9.996417 
9.99640c  9* 1  *  155* 
’.996384  9.112543 

996368  9-**353  3 

9.996351  9  •  1 1 4  5 2 1 


9.116491 


9.996302  9*  1 17472 


9.996285 


9.1 18452 


Sine 


9.996269  9.1 1 9429 


Secant 

10.910856 

10.909813’ 

10.908772 

10.907734 

IC.906698 

[0.00  3  24  9 
10.003265 
10.0032801 
10.003296 
10.00331 2 

10.914105  6c 
*0.913078  59 

4  0.-9 1 205  358 
10.91 103c  57 
CC.9XC010  56 

10.908992  55 
10.907976  54 
ic. 90696.3  53 

10.905953  52 
10.904944  5  s 

10.905665 

10.904633 

10.903605“ 

10.902578 

10.901554 

ic.003327 

10.003343 

10.003359 

10.003375 

10.003390 

10.900532 
10.S99  5 1 3 
10.898496 
10.897481 
1 0.896468 

10.0^3406 

10.003422 

10.003438 

10.003454 

10.003470 

10.903938  50 
ic.902935  49 
10.901934  48 
10.90093  c;  47 
ro.899938  46 

10.895458 

10.894450 

10,893444 

10.892441 

10.891440 

10.003486 
1 0.003  502 
10.003518 
10.003535 
‘ 5  0.003551 

10*898944  45 
10.897952  44 
10.896963  43 
|i°. 895975  42 
10.894990  41 

10.89044* 

10.8894?  4 
io.88  8  449 

1,0.887457 

10.886467 

10.885479 

10.884493 
10.883509 
10.882528 
ic. 88154s 
10.880571 

*0.003567 

10.003583 

;S0.00360C 

lC.0036l6 

rC.003632 

10.894008  40 
ic.893027  39 
10.892049  3s 
10.891073  37 
10.890099  36 

IO.OO3649 

10.003665 

|l0.CO3682 

IC.OO3698 

IC.GO37I5 

10.003731 

10.889127  35 
10.888158  34 
10. 887191133 
10.886226  32 
10.88526318* 
10.884302  30 

g 
•-»  • 

Secant  1 

as 

C/5 

Tangent 

82  Degrees 


Tangents  and  Secants. 

7  Degrees • 


(  373  ) 


n 

P 

rt 

ft 

CO 

30 

31 

32 

33 


Sine 


9- 1 1 569s 

9;i 16656 
9.117612 


9*996269  9*  1  i 94^9 
9.120404 


9  996252 

_ 9-996  2359.121377 

>.118567  9*996218  9  122348 
34  9,*  195  1  p  9^996202  9.133317 

9^1  20469  9-096185 


35 


369,1214179.996168 

9.1223629*996151 
9.1233069-996134 
9.124248  9  956117 

9.125 187  9-996100 


37 

if 

40 

41 

u 


43  9.127993 


44 


45 

46 

47 

48 

49 

50 

5 1 

52 

53 

54 

55 

56 

57 

58 

*59 

60 


9.I29C87 
9.I2612.5  9.996083  9.1  30041 
9.127060  9.995066  9.1 3°994 


Tangent 


9.124284 
9  125249 
9. 12621 1 

9,127172 

3 


;-3  28 1  70 


19. 9960499*131944 

9.132893 


9.128925  9,996032 

9.129854  9.99601 5  9-i33^39 
9. 1 307  8 1 ;  9.995  9  pS  9* 1 3  4  7  8  3 
9. 1 3 1 706*9-99  5  980*9’  135726 
$*132630 
9.133551 
9.134470 


Secant 


40.880571 
10.8795  96 
10.878623 

10.87765 


5  0.003  7  2 1 
10.003748 
10.003765 
10.003782 


10  876683110.003798 

10.87571610.00381 5 
io  87475 1110.003832 
10.873789  10.003849 
10.872828  !  0.003866 
10.871870^0.003883 


ro. 884302 
10.883344 
i  fc  8  80  388 
10.88 143  3 
so/'  ' 


10.379531 

10.878583 

10.877638 

to.  8 7069 j 
10.875752 

10.8  748  s  3 
1C. 873875 


10.87091 3110.003900 
i  0.8  69959!  10.6039 17 
IO.869OO6  !  O.OG3934  IO.87294.. 
10.8680,5  6|  10.0639  5  1  !  0.8  7  200  7 
10.867  >07:10.003968  10.87 1075 

10,866 1 61 


10.865a 17 


10.003985 

10.004002 


>9 

1 8 

17 

16 


i  * 


9*135387 


9.136303  9.995894 9*  14Q409 


9,137216 

9.138 127 


7.139037 

y.139944 

9.140850 

y:?4i754 


p-9p  5,963*9  1 36666  10.863334 
9.99594  6  9®1 3  7  60  5 ,  to.  862395 


10.864274  ip, 004020 


9.995928  9.138542 
9*99591  f  9* 1  3947^ 


9.995876  9-H1  34c 
9.9958599.  42269 

9.995841  9.143196 
99958239.144121 


9.9958069.145044 
.  .  9*9957889.145965 
9.142655  9*99577o|9*14^8S5 

9.’43554,9*995753;9*i478o2 


Sine 


1 0.0040  3  7 
10.004054 


*0.861458  f 0.004072 
19.860524  10.004089 
20.8595911 0.004 1 06 
10  85866040.004124 
10.85773 1  10.004141 

10.856804  10.00415$ 
10.855879  ic.004177 
1 0.8  5  49  5  6]  1 0.004 1 94 
10,85403s  10.0042 12 
20.853 1 15hc.00.423c. 
10-852198  50.004247 


ic .870146 
10,8692191  J4 
rc.868294 

IjC.  86737C 
5  ^ 
10.805531 


Tangent 


10.86461 3 
10.863697 
10.862784 
10.86187 

0.860963 
10.860056 
10.8591 5 
ic.  8.58546 

10.85734c 

10.856445 


Secant 


o 

9 

8 

7 

6 

5 

3 

2 

i 

*i 

o 


£j' 

p 

as 


82  Degrees, 


A  a  3 


Minutes 


(  374  )  A  Table  of  Artificial  Sines 


8  Degree* 


Sine 


09*443555 
i  9-H445? 
29*145349 
3  9.146243 
49-'47l3* 


5  9.148026  9.9 95663 
69.148915  9.995646 


79.149801 


Tangent 


9-995753  9*i47^02 
9-995735j9-i487i8 
9*9957I7j9-i49632 


9.995699  9.1 5°544ic.8494<6 


10.852198 
10.851 282 
10.850368 


Secant 


9.99568ii9»i5H54 


10.848546 


10.847637 


9-i5^363, 

9.153269  10.84673  i 
9.995628  9.i54i74'io.845826 


§  9.150686  9.995609  9-15  5°77io-84492  3 


_?S?iUii£9  9-995  59  ^ 

■o 


1 1 

12 

13 

14 


9.152451  9.995573  9-156  877 10.343*23 

?.t5333c  9-995558  9-157775  10.842225 
9.1542089.995537  9-1 5^67 1 10.841329 
9.! 55083  9.9955 19  9-159565  10.840435 


9-155957 
159.156^30 

169-15770- 

1 7'9?i  S85^> 
1 89*  159435 

,g|9.  16030C 


9.9955OC 


20  9- 1164  9-995  39o 
[9.162025  9r995  372 
22*9-  16588  c 
23  9-16374 
249.1646^  c 


25  9,165454  9.99529 


269.166307 

279-167159 

2§  9.168008 


799.1688569.995222 


30 


9.169702 


9.99548 


9.995464  9-162236 

9-995445  9-163123 
9.9954279-164008 
9.995409  9.I64892 


9.995260 

9.995241 


Sine 


9.155978 10.844022 


9.160457 


9.161347 


9.165774 
9.166654 
9.9953539-167532 


9-995  334  9- 168409 

9.9953166.169284 


9.170157 


9.9952789-171029 


9-171899 

9.172767 

9.173634 


10.839543 


10.838653 

10.837764 

10.836877 

sc.835992 

10.835 108 

10.834226 
10.833546 
ic.832468 
10.83 1 595 
10.830716 


10.004247 

10.004265 
10.004283 
10.004301 
10.0043  <  9 


10.856445*60 

10.85554759 

10.85465  l’^g 

ic. 853757^7 

10/8528641 6 


io,oo4337;lo-85'974i5'j 

,;-.oo4354‘a^lo8'S4 

,c.oc4372i10-^0199« 

10.00439*.  i0-8493i4  52 
10.004  409  10-84843 1  ^  1 

10.004427  IC,847549  50 
10.004445  10-84667049 

10.004463-^4579248 
!  0.00448 1  lp-844y  *  7  47 
10.0  4500  13-844043  46 

IC.843 170[4«> 

10.842300  44 

10^84143!  43 

>  0.84056 5  42 

10.8397°°  41 


9-995203  9-17^499 


10.829843 
10.828971 
ic.828101 
10.827233 
10.826366 
ic. 825501 


Tangent 


i  c.0045 18 
10.004536 
ic.004555 
10.0045  73 
10.004591 


10.004610 
to. 004628 


10.004647 10,83711 5  38 


10.004666 

10,004684 


ic.004759 

10.004778 

10.004797 


10*838836 

10.837975 


10.836257 

1 0.83  5400 


10.  834546 


40 

39 


37 

36 


35 


10.004703 
10.004722 
1  o.  00  4  832841*33 


10.833693,34 


io.83i992[32 

10,831 144  31 
10,830298  3° 


Secant  g 

c* 

CO 

(A 


8  i  Degree* 


Tangents  and  Secants. 


(  375  ) 


Sine 


Tangent 


if 

3 

C 

r+ 

r* 

</> 

io  £1*9702  9-9952-3 V-»74W 
3 1  9*170546  P  9^-i '  tS+S1"* 7 “> 36 

3*!9.«7  •38o9-995>61'i'*,74i*4 
9.1722^0  9*x95£46  9  1  /  7  - S 4 
I34  9**73070  9  99j_i>7  ^•I7  *42 

13  j  9  1  739^ 

36  9.t74744 

37  9*17557 

3S  9.17641 

9.177242 


8  Degrees • 


4’ 

r2 

4.3 

44 

45 

46 


9.99^108  9'i78799 
9.995089  9  179655 


7*99505 1  9>c^i36 
9  9950329**8221 1 


9.17807 
9*i7s9Co 
9.17972 
9.18055 
9.f  Si  374 

9.1^219 


47  9.  83834 
J48  9.18465 1 
i49  9  185466 


50  9.18628' 
9.187092 


KI 

52 

53 


59 

6r 


9.1887  15 


5C  .190325 
l$6  j  191130 

[57  9  191933 
58  9^92734 


9*9950l3  9-1 


,yy4/yu . 


9*99470° 

9.99468 


y.*y 5  ? 

p.f  943921^994620 


9^99,7^ 


Sine 


Secant 

io.825501 

10*82469^ 

10-823776 

10.822916 

10*822058 

10.0.4797 1 

10.004816  l 
10.004835  I 
10.004854  £ 

10.004875  1 

£0.821  201 

lO  82' 345 

IO.819492 

IO.81804C 

IO.817789 

10.8 16941 
£0.816093 

1 10.815248 
10.81440? 

)  10.813561 

10.004892  1 
10.0.491  f  £ 

10.0049  3C  1 
10.CO4949  1 

10.004968  £ 

10.004987  i 

ic.  050  7(1 

0.005026  1 

10.  05045  • 
ic.005065 1 

>  10,81272c 
)  10.8  n  880 
io.81 1043 
1-  ic*8l0206 
?  10.809371 

10.C05084  £ 
co.005 104  1 
10.005123  i 
£0.005,143 
10,005162 

2  IC. 808538 
1- 19.8077,06 
4-  «o, 806876 

1  £0  806047 
9  1O.80522C 

IC.804394 
9  1 0.8c 3  5 7, r 

3  10.802747 

4  IO.801  9 2t 
4  10.801  io£ 

2  i 0.800 2 8^ 

J10.005 1 82 
!  10.005  202 
10,005221 
10.005241 
10.005261 

10.005281 

10,005300 

10.005320 

10.005340 

ic.005360 

1  10.005380 

Tangent 

r  .8 1534s 


.8IO48 


30 

29 

28 

2? 

26 

25 

24 

23 

22 

21 

20 

19 

l8 

*7 

16 


15 

14 

12 
1 1 

■■rj 

lG 

9 

8 

7 

6 

5 

4 

5 
2 

1 


Secant 


81  Degrees . 


A  &  4 


Minutes 


s 


(  $7#  )  A  Table  of  Artificial  Sines 


9  Degrees 


k 

a 

£ 

Sine 

CD 

“b 

V. 

9.194332 

9.195129 

2 

9*195925 

3' 

9.1967 19 

4 

9.197511 

5 

9,198302 

6 

9, 199091 

7 

9,199879 

8 

9.200666 

9 

9.20145 1 

in 

9,202234 

u 

9.203017 

9.203797 

!3 

9.204577 

14 

9.205354 

15 

9,2061 31 

16 

9,20690^ 

l7 

9.207679 

18 

9.208452 

f9 

9.209222 

go 

9,209992 

2] 

9,21076c 

22 

9.211526 

2d! 

9.212291s 

A\ 

9.213055 

25 

9,213818 

26. 

9.214579 

9.^94620 


9.994  600  9.2005  29 


9.9945S0 

9.994560 

9.99454c 


9.994459 

9.994438 

9.99441S 

9.994397 

9*994377 

9-994357 

9j^94j_3_6 

9.994316' 

9.994295 


Tangent 


9.599712 


9.994519 

9.994499 
9.994479  9*205400 


9.201 345 
9.202159 
9.202971 

9.203  78  2 
9.204592 


9.206207 

9.207013 


9.207816 

9.208619 

9.20942c 

9.210220 

9.211018 


9.211815 
9.21261* 
9.994274^9.213405 
7*994254l9*21 4l9^ 
>?.9943g3|9»2 14989 
9.994212 


9.994191 

97994 1 7 1 
9.994150 


9.994108 
9.994087 
27I9.215338  9.994066 


28  9.216097 
29*9. 2 1 68  5  4 
309.2  17609 


10.800288 

10.79947 1 

10.798655 

30.797841 

10.797029 


10.796218 

10.795408 

10*794600 

10.793793 

10.792987 

10.792183 

10,791381 

10.79058c 

10.78978c 

10.788982 

10.788185 

10.787389 

10.786595 

10.785802 

10.785011 

10.784221 
10.783432 
ic. 782644 
10.781858 


Secant 


10.005380 

10.00540c 

10.005420 

10.00544c 

10.00546c 


10.805668 
i  0.804871 
10.804075 
10,803281 
10.802489 


10.801698 

10.800909’ 


10,005481 
10.005501 
IO.OO5521  i0*ScO!2l 

io.oo5<4i  IO*?99334 

10.798549 


10.005562. 


10.005582 

10.005603 

10.005623 

-'0.005643 

0.005664 


10.797766 

10.796983 

ic.796203 

10.795423 

10.794646 


9.215779 

9.216568 
9.217356 
9.21 8 14^ 

9.21S926  10.781074 


9.219710 

9.220492 


10.780290 

10.779508 


9.994045 

9.994024 

9.994003 


Sine 


9.221272,10.778728 

9.22205240.777948 

9.222830I10.77717C 

9.22360610.776394 


’.Tangent 


ic.005684 
10.00 570s 
ic.005726 
10.005746 
10.005767 


10.005850 

10.005871 


10.005892 

10.005913 

110.005934 

10.005955 

10.005976 

10.00)997 


6c* 

59 

58 

57 

56 

55 

54 

53 

52 

li 

5° 

49 

48 

47 

46 


tc.  793869^ 
10.793094 
10,792321 
10.791548 
ic.790778 


10.005788  10.79°°°^ 
10.005809  10.78924" 
50.00582940.788474 


10.787709 

10.78694.5 


: 


10.786182 

10.785421 

10.784662 

10.783903 

10.783146 

10.782391 


35 
34 

33 

32 

31 

3£ 

§ 

Secant  1 1 

«-r 

a 

U9 


45 

44 

43 

42 

ii 

40 

?9 

38 

37 

36 


80  Degrees 

o 


...a 


Tangents  and  Secants 

,  (  ?77.  ) 

9  Degrees • 

... 

Sine 


9. 217609 
9.218363 
9.219116 
9.219868 
9.220618 


9.994003  9.223606  10.776394 10.005997110.782391  he 
9.993981  9-224382  10.775618,10.006019  10.781637  29: 

'.225 156.  10.774844-10.006040  10.780884  2h 
20  ir. 7 74071;  10.00606 1  10.7801 22 


i 

Tangent 


Secant 


9.993960 9- - - ^ 

9*993959  9-225929  1^.774071:10.006061  10.780132 
9.99391b  9.226700  10.773300^0.006082 


rb 

t/5 

3cj 

31 

32 

33 

if  i—  -_T  e-— ~ i - : ;  — |— — „ - 

35  9.221367  9‘993896  9.227471  10.772529^10.006103 

36  9-2j2f  1  5  9-993875  0.228239  10.771760110.006125 

37  9.222861  9.993854  9.229OO7  IO.7709934O.O06146 

38  9.223606  9.993832  9.229773  i0.770226|I0.006l68 
§9  9.224349  9-9938II  9.230539IO  769461110.006189 

40  9.225092  9.993789  9-231302  ^0.768698,10.00621  1 

41  9.225833  9.993768  9.232065  10.767935  10.00623 'i 
4*  9.226573  9.9937469.232826  10.767174  10.006254 

43  9.227311  9.993725  9,233586  10.7664 141 0.00627 5 

44  9.228048  o  O.,  r  in  nnAonn 


9.9937O3 


?.99368l 

9.993660 


45  9.2287§4 

4C  9.229518 

47  9.230252  _ „ 

48  9.23098 4  9.993^i6 

49  9.231714  9-993594 

, |  fi  _  _ -|- 

5:019.232444  9.993572 
519.233172  9.993550 
529.2338999.993528 

53  9.234625  9*9935°6 

54  9.235349  9.993484 

55  9*236073  9.993462 

569.236795  9-99344 


9.234345  10.765655  10.006297 


9.235  •  03  10.764807  10.0063  19 


^  V  /  j  /  »  ^  ; 

9.235859  10.764141 
9.993638  9.236614  IO.763386 

~ - ^  *  9.237368  IO.762632 

9.238120  iC.76288 


IO.OO634O 


9.238872  IO.761  128 
9-239622,10.760378 
9.240371  I0.759^29h 0.006472 
9*241118  10.758882110.006493 
9.241865  10.7581 35)10.0065 16 


10.757390  10.006538 
10.756646I10.006560 


10,771216 

I,.  10.770481 

10.769748 

10.769016 

10.768285 

io.  767556 
OO6454  10.766828 
IO.766101 
IO.765375 
'0.76465  6 


22 

2! 


f9 

ib 


2n 

tO.779382  26 

10.778633)25 
IO.777885 
IO.77713923 
iO.77639 
10-77^50 

10,774908. 
10.774166 
!  O.773427 
10.772689 
10.775952  16) 


7 


1 5 
*4 
l3 
1 2 

1 1 


1; 


9 

b 

7 

c 


1.0.7639^7)  5 
10.763205)  4 
10.762485I  3 
10.761765  2 


(  378  ) 


A  Tabic  of  Artificial  Sines, 


Io  Degrees . 


2 


o 


Sine 


Tangent 


9.2*96:019.993351  9246*19 
19.  ^4038619.993  329I9.247057 


2,9.241  lOi 

3^.24J8l4 

4]9.242<;26 

5I9.243237 

%.?43947 

7j9-i446“>6 
8^.245363 
9  9.246069 


9.993307 

9*993  284 

9.993262 


9.99324c 
9.993217 
9.993195 
9-993i72|9.252i9i 


ro 

11 

ta 

u 

*4 


9.246775 

9,247478 

9-248181 

9.248883 

9-249583 


9.247794 
9.24^530 
9.24926  * 

■24999s 
9.25073c 

9.25*46 


9.993149 


1 5 

j6 

17 

18 

1 9 
SO 
21 
22 
23 
•4 

25 

26 

27 

28 

29 

30 


9.250282 

9.250980 

9.251677 

9-252373 

9.253067 


9.993127 

9.993104 

9.99308l 

9.993059 

9-993036 

9-99 13 
9.99299c 
9.992967 

9.992944 

9'99J92j 


9.  if  5  29  2r 


9.253761 

9.154453 

9-255144 

j.255834 


9.253448 

9.254574 

9.255100 

9.255824 

9.25654 

9.257269 

9.2579  9r- 
9.25871c 
9,259428 
9.260146 


9.992858 

9.992S7^ 
9-99  aS  5  2 
9.992829 


9,2^65139.99280^ 

>•5  72 1 1  9^99278 

9-2  $78985992759 
9.2585839.992736 

9.2  59^268  9.9927 1 3 
9.259951  9.992689 

9.260633  9.99266^9.267967 


10.753681 
10.75  294  ^ 
10.752200 
I0.751470 
40.750736 


10750C02 
to.  749  .-.70 
10.748539 


Secant 


10.0^6649 
10.0066?  1 

40.006693 

1C. 0.6716 
10.006738 


10.006783 

10.006805 


<0.747809  10.006828 


10.74708 


10.00685  1 


9.26ob6a 

9.261578 

9.262292 

9.263005 

9.263717 


10.7463  52 
10.745626 
1 0.74490 
10.74417  6 
IQ.743453 

IO.742731 
10.  4201 
10.74129 
-•c.740572 
10739854 

10,7391 3 c 

10.7384 

10.737708 

10.  36995 
10.736283 


9.264428 

9.265138 
f.  265847 
9*266555 
9.267261 


Sine 


1073557- 

10.734862 

10.734153 

ic.733445 

10.732033 


10.006873 


10.00698; 


10.007079 


Tangent 


10.760  J  3c 

60 

10.759614 

59 

0.758899 

58 

10.758186 

57 

10.757474 

10,756763 

55 

£..756053 

54 

fo.755344 

53 

10.754637 

52 

•0.753931 

5i 

10753225 

50 

10.752522 

49 

10.751819 

48 

1C. 7511  7 

47 

10.7^0417 

4  6 

10.749718 

45 

i 1 0.7490 so 

44 

10.748*23 

43 

)|io.7476x7 

42 

i  ie.746933 

U 

10.746239 

40 

to:745547 

39 

5  t0744S56 

38 

IC.744I66 

37 

U0.743477 

3.6 

?  IO.742789 

35 

I  10»742.02 

i?4 

4  10.741417 

33 

7  ic.740732 

32 

1  10.740049 

3* 

4  10,739367 

30 

2 

Secant 

3 

p 

Cl 

o» 

Degrees* 


Tangents  and  Secants*  (  379 

io  Degrees . 

• 

3 

S3 

ft 

f£> 

If* 

Sine 

* 

Tangent 

l 

Secant 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

*9 

18 

>7- 

16 

*5 

14 

13 

12 

u 

10 

9 

5 

7 

6 

5 

4 

3 

2 

i 

► 

6 

5 

rf 

9 

3C 

31 

32 

33 

34 

9.260633 

9.261314 

9*261994 

9.262*573 

p.26335 , 

9.992  66  e 
9.992643 
9.992619 

9.99259 

9.992572 

9.267907 
9.26867 1 
9.269375 
9.^7007; 

9.270779 

10.732033 

10.7313^ 

IC.73062S 

IO.729923 

10.72922=. 

io.oo7334  10*739367 
ic.007357  IC.73&6*6 
■  0.007381  ’10.738006 
10.00740410.737327 
10.007428  10.736649 

10.00745 1 10.735973 

10.007475  10.735297 
10.007499  10.734623 

10.007522  10.733949 

10.007546  10.733277 

35 

36 

37i 

3* 

39 

9.264027 

9.264703 

9.26^377 

9.266051 

9.266723 

9.992549 

9.992525 

9.992501 

9.992478 

9.992454 

9.271479 

9.272178 

9.272876 

9*  273573 
9.274*69 

10.728521 

10.727822 

!0.727124 

10.726427 

10.72573 

40 

41 

42 

43 

44 

9.26739s 

9.268065 

9.268734 

9.269402 

9.270069 

9.99245- 

9.992406 

9.992382 

9.99235s 

9.992-335 

9.2749*4 

9.27^6^8 

9.276351 

9.27704; 

9-277734 

10.725036 

10.724342 

10.723649 

10.722957 

10*722266 

10.007570 
IO.OC  7594 
10.007648 
IO.OO7642 
IO.0O7665 

I  .7326O5 

1C*73!935 

10.731266 

10.730598 

10.729931 

45 

46 

47 

4$ 

49 

5° 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

9.270735 

9.271400 

9.272063 

9.272726 

y.27338S 

9.992311 

9.992287 

9.992265 

9.992238 

9.992214 

9.27842. 

9.279II3 

9.279801 

^.280488 

‘9.281174 

10.721576 
10.720887 
10.720199 
IO.7195  12 
I0.7i8826 

I0*0076i59 

IO.OO7713 

IC.CO7737 

10.007702 

10.007786 

10.-078 10 
10.007834 
10.007858 
10.007883 
10.097907 

10.729265 

10.728600 

10.727937 
10.727274 
*0.72661 2 

iQ.,25951 

10.725292 

10.724633 

10.723976 

10.723319 

9.274049 

9*27470* 

9.275367 

9.276024 
9.2  1668 

9.992 190''9*28 1*5^  10.718142 
9.9921669*282542110,717458 
9.9921429*283225110.716775 
9.9921 17  9*283907  10.716093 
9.99209319*2845^8  10.715412 

9.277337 

0.277991 

9.278644 

9.279297 

9.279948 

9.280599 

9.992069  9.285268  10.714732 
9.992044  9*285947  10.7 1405  3 
9.9920209^286624  ic. 713376 
9.991996*9*287301 10.712699 
9.99i97ii9-287977  10.712023 
9.9;  1 947,9-*88652  10.711348 

10.00793 1 
10.007956 
10.007980 
10.008004 
10.008029 
10,00805  3 

10*722663 
ic.  7  22009 
10.72135c 
10.720703 
10.720052 
10.719401 

Sine 

Tangent 

Secant 

7P  Degrees. 

I 


(  38°  ) 


A  Table  of  Artificial  Sines, 


II  Degrees . 


Sine 


9- 2805999.991947 
I  9.281248  9.991922 
9.281897  9.991897 

3 

4 


3^282544  9*991875 
9.2831909.991848  9.291342 


2 

10 

u 

12 

? 

*4 

{ 5 
?6 

17 

18 


Tangent 


9  288652 
7.289326 
9.289999 
9.290671 


5  9.2838369.991823 9.29201 3 

6  9.2844809.991799  7.292682 

7  9.2851249.991774  9.293350 
9.285766  9.991749  9*294017 
9.286408  9.991724  9*294684 


9.287048  9.991699  9.295349 
9,287687  9.9916749.296013 
9-2883269.991649  9.296677 
9.288964  9.991624  9-2973^9 
9.289600  9.991 599  9.298001 


9.290236  9.991574  9.298662 
9.2908709.991549  9.299322 
9.291 504  9.991524  9*299980 
9.2921979.9912 


10.7 1 1348 
1 0.7  j  0674 
10.71000: 
so.  709329 
1 0.70865  8 


Secant 


13.008053 

10.00807S 

10.008103 

10.008127 

10.008152 


10.707987 10.008 177 
10.707318 10.008201 
ie.706650  lO.COS$26 


10.70598 

10.705316 


]9  9.2927 68 

20 


21 

22 

2  3 

25 
2  6 

27 

2V 

7~9 

30 


9.293399 

9.294029 

9-294658 


9.2952  36  9.99 1 37 


9>2959M 

9.2965  29 


9.300638 

9_99*473  9>30i^95 

9.991448  9’3C>195* 

9.991422 

9.99.5397 


9.99 1 246 
9-99532* 


9.302607 

9.303261 

9.303914 

9.304567 


9.305218 
9.597164  9*991 295  9.305869 
9.297788:9.9912709.^06519' 
9.^0845  2;9.99i244]9‘307 167 
9.2990349.991218  9.307815 
9,299655)9^991  i93;9.*3o8463 

Sine 


10.70465 1 
10.703987 

1 0.703  323 
10.702661 
10.701999 

ip.701338 
50.70067S 
1 0.7000 20 
0.699362 
JO.  698705 

10.698  '49 
10.697393 
10.696739 
10.696086 
10.695433 


10.00825 1 
10.008276 


10.008301 
10.00832c 
10.008351 
f  0.008376 
10.008401 

10.008426 

io.oo845'i 

10008476 

10.008502 

1 0.008  *. 27 


10.7 1 9461  jdo 
10.718752  59 
10.71810358 

50.71745657 

10.7 1 6810  56 

s  0.7161 6455 
50:7 1 5^20!  54 
10.714876:53 


rc. 714234 

ISiZlliR? 

10.712952  50 

10.7 12313  49 

10.711674  48 

10.711036  47 

10.7  ?  0400  46 


52 

5i 


10*694782 
10.694131 
10.693481 
10.692833 
10.692 1 3  <; 
10.69  ‘53^ 


Tangent 


10.008552 
10.008577 
10.008603 
10.008628 
10. 008654 


1^.008679 
*0.008705 
10.00873c 
ic.-'o875'6 
1 0.008782 
10.008807 


10,709764  45 
10.709130  44' 
S0.708496  43 
10.707861  42 
ro.707232  41 


10.706601 

10:705971 

10705342 

0.7047*4 

10.704087 

10.703461 
10.702836 
10.7022*2 
10.70  r  588 
10.7009 66 
10.700345 


Secant 


40 

39 

38 

37 

36 

35 
34 
33 
3 ' 
3 1 
3£ 

£ 

5 

r 

rt 

a 

tr 


78  Degrees. 


1  O  ^  ^s\  I ^  wi  ,  43.  .£»  ^  4^.  .  4^  •£.  -£»  -£«  4^  wj  w  w  w  u)  Iuj  w  ui  uo  w  caimiiTvT 

O'O  00-^4  On-vn  !  41-  oo  to  k-  O  V3  CO-j  !  4*  w  to  **  O  O  CO  -4  Os  -S'  '-£►  vo  to  —  O  j  5 ‘u !  I'M 


Tangents  and  Secants. 


ii  Degree Sa 


Sine 


9.299655 
9.3002  )6 
9* 300895 
9-30I514 
9.302132 


9.302748 

9.303364 

9.303979 

9.304593 

9.305207 

9.305^19 

9.306430 

9.307041 

*9.307650 

19.308259 

19.3088^7 


Tangent 

9.99U93 

9.991167 

9.99U41 

9.991115 

9.991090 

9.308463 
9.3091 05 

9-3097i4 
9.310398 
9.3 1 1042 

9.99io64'9.3ii685 

9.9910389,312327 

9.9910129.312967 

9.9909869.313608 

9.9909609.314247 

9.9909349.314885 
9.990908  9. 3I5  5  23 
9.990881  9.316159 
9*99085  5  9-3 16795 
9-9908299.317430 

9.990803  9.318064 

9-309474  9-990777  9-?'-  8697 
9.3  100809-990750  9.3 19329 
9.310685  9-9907249.319961 
9.3 1 1289*9-990^97  9-320592 


9.3 11893 

P-3^495 

9.313097 

'9.313698 

9.314297 


;9-3U896 

9-3I5495 

9.316092 

9.316688 

9.317284 

9-3i7^79 


9*990^71 

9*990644 

9-990618 

9.990591 

9.990565 


9.321222  T0.57JS7 7 8 
9*32i8  j  iiio.678149 
9.3  224  79  10.677521 
9*323 106^0.676894 
9-323733  10.676267 


9.990538 

9.990511 

9.990485 

9.990458 

9.990431 

9.990404 


Sine 


10.69&537 

10.690891 

10.690246 

10.689602 

10.688958 


10.6883 15 

10-687673 

10.687033 

10.686392 

10.685753 

10.6851 15 

10.684477 

10.683841 

10.683205 

10.68257c 

10.681936 

10.681303 

10.680671 

10.680039 

10.679408 


9*3243  58 10.675642 
9.324983,10.675017 
9.325607,10.67439^ 


o  •*■*  « 

>•3 


Tangent 


• 

✓—s 

UO 

OO 

Ht 

'W’ 

Secant 

10.008807 

10.700345 

30 

10.008833 

10.699724 

10.008859 

10.699505 

28 

10.008885 

10.698486 

27 

10.00891c 

10.697868 

26 

*0.008936 

10.697251 

25 

10.008962 

ro.^96636 

24 

10.008988 

10.696021 

23 

10.009014 

10.695407 

22 

10.00904c 

10.694793 

21 

10.009066 

10.694181 

20 

10.009092 

10.693570 

1 9 

10.0091 18 

10.692959 

18 

10.009  ®4s 

10,692350 

1 7 

10.009171 

10.691741 

i6: 

10.009197 

10.691 1 33 

!5 

10.009223 

10.6905  20 

14; 

10.00925c 

10.689920 

*3 

10.009276 

10.6893 1 5 

12 

1^,009703 

10.68871 1 

1  1 

ic.^09329 

i-  .688107 

IO 

10.009356 

10.687505 

9: 

10.009382 

10.686903 

f 

10.009409 
10.00943  5 

10.686305 

10.685702 

1 

6 

10.009462 

10.685104 

5 

10.009489 

10.684505 

4 

10.0095 1 5 

10.683908 

2 

10.009542 

19.683312 

2 

110.00956910.682716 

1 

|io.cc9596  10.682121 

c 

K 

Secant 

5 

r*  j 

- 

C 

t/5 

78  Degrees, 


J 


(  j8a  )  A  fable  of  Artificial  Sines 


g 

3 

PS 

Sine 

S 

<A 

O 

9*317879  5 

1 

9.318473  s 

2 

9.319066  5 

3 

9-3I9658  5 

4 

9.3205495 

5 

9.320840  ^ 

6 

9.32I430C 

7 

9.322019  C 

8 

9.322607  V 

9 

9*323I94  * 

10 

9.32378)  c 

1 1 

9.324366  < 

12 

9.3249505 

13 

9-3*5534$ 

14 

9.326117  s 

15 

9.326700  J 

16 

9,32728l  5 

17 

9.327862  <; 

18 

9.?28442  c 

19 

9.329021 

20 

9.329599  < 

21 

9.330176 

22 

9-33°753 

23 

9.331328 

24 

9.331903 

25 

9.332478  < 

26 

9.333051 

279-m<5»4 

28 

9-334195 

29 

9.334766 

3° 

9-335337 

12  Decrees 


Tangent 


I 


! 


9.32747410.672526 
9*328995  10.671905 
9.328^15  10.671285 
9*329H4  10.67066.6 

9*329953  10.670047 

9.990270!9-33°57°  10.6694  30 
9^3n87  10.668813 
9*33^803  10.668397 
9.990 1 88;9f3  324^  8  10.667  582 

9.990i6ii9-333033  10.666967 


Secant 


10.009*596 

10.009623 

10.009649 

10.009676 

10.009703 


10.009730 
1 0.0097  5  7 
10.00978  <j 
10.009812 
'10.009839 


9*33364640.66635  4 
9-334259  10.665741 


9*33487i 

9-33S482 

9.336093 


9.336702 

9*337311 


10.665129 


10  00986;. 
10.009893 
10.009921 


10.66451 870,009948 

10.663907  40.009975 


9.989887 


9.989804 


9*3391 33 

9*339739 

9*340344 

9*340948 

9*34iS52 

9*34215? 


9*989637 


Sine 


10.663298] l0*01000 
io.662689Iio*oioo3° 
10.66208  ijic.010058 
io.66i473j10*OIO°^5 
io.66o867j^0,0101 1 3 
1 0.660261]  10.010140 
10.65965670.010168 
:  o.659o$2iio.cigi96 
10658448110.010223 
10.657845^0.010251 


9.342757 

9.343358 

9.343958 

9*34455^ 

9*345157 

9*345755 


10.657243  10.010*79 
10.656642  10010307 
10.656042  10.010335 
10.655442 10.010363 
10.654843  10.010391 
10.654245  10.010419 


Tangent 


10.682  12 

IO.681527 

ro.68  934 
10.680342 
10.67975  1 


10.679160 

10.67857 

10.67798 

10.677395 

10.676806 


55 
54 

53 
52 

5i 

i O.67622O  50 
10.67563449 
10.675049 

I0.6744d6 

IO.673883 


60 

59 

5* 

57 

5<5 


10.673300 
10.672719 
10.672138 
10.671558 
0.670979141 


10.670401 

ie.669824 

10.669247 

10.66867^ 

10.668097 


48 

+7 

46 

45 

44 

43 

42 


49 

39 

37 

36 


10.667522 
10.666949 
10.666376 
10.665805 
10.665234 
10.  664665 


Secant 


35 

34 

33 

3 2 

31 

30 


3 

c 

rr 

r* 

w 


77  Degrees 


Tangents  and  Secants*  (  383  ) 

j  1 2  Degfbes. 

>-*♦ 

D 

C 

rt 

Ct> 

<✓» 

Sine 

Tangent 

Secant 

3°! 

3* 

37 

33 

34 

S-  3S3 37 
9-33S9  6 
9-5364.75 

9-  337043 
9-337  5 1 0 

9-989581 

9.9^9553 

9.989525 

9.989497 

9.989469 

9-345755, 
9-3!  353 

9.346949 

>•347545 

9.348041 

ic.654245 
10.653647 
10.65305 1 
10.652455 
10.65 1859 

10.010419 

ic.010447 

10.010475 

10.010503 

10.010531 

*0.664663 

10.664094 

10.6C3525 

10.062957 

10.662390 

30 

29 

28 

27 

26 

2  5 
24 

23 

2Z 

21 

2® 

19 

18 

*7 

16 

i? 

14 

13 

li 

10 

9, 

8 

7 

6 

3  5 

36 

37 
3^ 
39 

4 

41 

42 

43 

44 

9.338  176 

9-33874? 
9  3393  6 
9.339871 

9-340434 

9.989441 

9.9894»3 

9.989384 

9.1,89356 

9.989328 

9.34873$ 

9.349329 

9.349922 

?-3505!4 

9.351  106 

10.65126'; 

10*650671 

10.650078 

10.649486 

10.64889^ 

10.010519 
10  010587 
10.010616 

ic.010644 

ro.010672 

10.661824 
>  0.661 258 
10.660694 
10.6601 29 
i  0.6  5  95  66 

9.9109.6 

9‘34’5^8 

9.342119 

9.742679 

?.343239 

9.989299 

9.9*9271 

9.989243 

9.989214 

9.989186 

9.351697 

9.352287 

9.352876 

9.35346' 

9-354=53 

10.648  303 
■  .647713 
10  64**  124 
10.646535 

10.64594? 

10.010701 

.0.010729 

10.010757 

10.010786 

0.010814 

10.659004 
10.658442 
10.657881 
10.657321 
*  0.656761 

45 

46 

47 

48 

49 

9-543797 

9-344355 

9.344912 

9-345469 

9.346024 

9.989157 

9.989118 

9.989100 

9.989071 

9.989042 

9.35464c 

9.355227 

9.355813 

9-356398 

9.35698' 

10.64  •  360 
10,64477' 
10.644187 
10.643602 
10.643018 

10.010843 

10.010872 

10.010900 

10.010929 

10.010958 

10.656203 
ic.655645 
10.655088 
10.65453 1 
(0.653976 

5° 

5i 

$2 

53 

if 

55 

56 

57 

58 

59 
6c 

9-346579 

9-347134 

9.347687 

9.348240 

9.348792 

9.989014 

9.988985 

9.98S956 

9.988927 

9.988898 

9.357566 

9.358149 

9.358731 

9.3193  3 
9.359893 

10,6424^4 

10.641851 

10.641269 

10.640687 

10.640107 

10.010186 

10.011015 

1 0.01 1044 
10.01 1073 
10.01 1 102 

10.653421 
10.6528  66 
10.6523 1  3 
10.651760 
ro.65  208 

9-549H3 

9.349893 

9.350443 

9.350992 

9.351540 

I9.352088 

9.988869 

9,988840 

9.9888 1 1 
9.988782 
9.988753 
9.988714 

9.360474 

9.361053 

9.361632 

9.362210 

9,362787 

9.363364 

10.639526 

10,638947 

10.638368 

10. $37790 

10.637213 

10.636636 

10.01 1131 
10.011160 
10.01 1189 
,0.01 1218 
10.011247 
10.011276 

10.650657’  5 
10.6150107  4 
10,649557  3 
10.649008  2, 
10.648460  1 

ic.547912  0 

Sine 

Tangent 

g 

Secant  g 
§ 

77  Degrees* 

3 

-A*' 

3 

C 

Sine 

lA 

(  3*4  )  A  fable  of  Artificial  Sines 


3  Decrees 


Tangent 


9.352088  9.9887249.363364 
9. 3  5  26  3  5  9.9 8  8 6 9  5  9.3  63940 

2;9.3  5  3i8i;9.98866$;9.3645i5 

•ti9*35372<5  9.9886369.365090 
419.354271  9.988607*9.365664 

5;9*354Hi5  9^8578 '^366237 
6j9*35535s  9-9^548^.366810 
^  I9.9885  39.9.367382 

9-988489  9.3679^3 
9*9884  60  9. 3  6  8  5  24 

9*988430 
9*988401 


Secant 


719*355901 
,  8;9*3fi6443 
^9*35^984 

l°]9*3^7524 

1 1 


12 

;3 

■4 


9*358064^.95540 
9*35860319.98837 


9.369094 
9*3-9663 
9.37023 1 


9*3  5  9 1 4 1?9*9  88  341-9. 3  70799 
9*359678^9*98  8  3 1 29. 371367 


10.636636^0*011276 
10.636060j10.01 1305 
10.635484  io*oi  1334 
10.634910JiQ.on  564 
10.634336)10.01 1 193 


50.633763^aoII422 

10.63  3 190J10'01 1452 
10.632618110*011481 
io.632047|iO*OlI5li 


,  *0.64355752 

10.63 14761I0*Q*  1540  10.643016  51 


10.630906: 
ic.6 30337 
10.629768 
50.629101 
10.628633 


•59.360215  9.988282)9.391023  ic.628067 
16  9.36075  i;|9*988252k372499!io.62750i  10.011748 
n  9.36i287>988222l9.?73o64!l0.626935  10.011777 
!  8'  o.  i  R  ooiia.aRR  m4  '  i  n.nt  i  Rn*» 


Jo  011570 
10.01. 1599 
10.01 1629 

10.011658 

io.ou688 

10.011718 
jo.ai 1748 


10.647912 

10.647365 

10.646819 

10.646274 

10.645729 


10.645 185 
10.644642 
10.644099 


60 

59 

$8 

57 

56 

7? 

54 

53 


10.64247  6 
10.641936 
10.641397 
10.640859 
10.640321 


'8 

19 


9.36182219*988 19  319.3  7  3629  10^626371 
.362356)9*988  1 6319.^74. !  10.625807 

io. 625  244 

51  9.36  342  219*988 10319.37  5  319J10.62468 1 
22  9.36 3 95 4|v. 98 807 3,9.57,^831  10.6241 19 
’3  9*  j6448'-,|9*988o43i9.576442[io,623558 
_4  ^*36 5° 80 1 3)9.377003  10.622997, 

2 5  9*3.6$  5 4 6|9>9  8798 319.377^563!  10.622437 

:6  9.36607 5I9.98 795  2)9.378  122  10.62  1877 
27J9. 366604  9-98  792^19.378681 "10.621319 
'>8|9.367I  3  1^9.987892  9.379239  10.620761 


10.01 1807 
10.011837 


50.01 1867 
lo.oe  1897 
10.011927 
10.011957 


10.639785 
10,639249 
10.638713 
10.638178 
10.637644  4 


5o 

49 

48 

47 

46 


45 

44 

43 

42 

1 


10.6371 11 
sc.63^578 
10.636046 
10.635515 


- y  f  1  ■) 

10.01 1987  10.634984 


2919. V 6  76  59 
p  9.368185 


9.987862J9.379797  10.620203 
9.987831^.380354  10.619640 


Sine 


Tangent 


10.012 , 17  EO*634454 
10.012047  10.633925 


10.012078 

10.012108 

ic.012138 

10.012168 


10.633395 

10.632868 
10.632341  ^ 
10.63  1  8l 


Secant 


40 

39 

38 

37 

36 


35 

34 


3* 

3i 


n> 


76  Degrees 


Tangents  and  Secants.  (385) 

*3  Degrees. 

‘s. 

>-** 

a 

& 

rr 

CD 

m 

Sine 

Tangent 

1  UJ  1 

Secant 

30 

24 

28 

27 

26 

2  5 

24 

23 

22 

21 

20  , 

19 

l8 

l6 

15 

14 

13 

12 

11 

10 

9 

8 

1 

2 

'•  1 

|J  O 

3c 

3i 

35 

33 

34 

9-363185; 

9.368711! 

9.3692361 

9.369761. 

9-370285 

9.987831 

9.98780I 

9*987771 

9*987740 

9-9877IO 

9.380354 

9.380910 

9.381465 

9.382020 

9.382575 

10.619646! 

10.619090! 

10.618535 

10.617980 

10.617425 

SO. 01.2169! 

10.012199 
10.012229 
10.01 2  2  60I 

IO.Oi22.9O 

10*631815 

10.631:83 
10,630764 
10.630239 
IC.62971 3 

35 

36 

37 

3  8 

39 

9-370808 
9-  37'3?° 
9  3  7 1 S  5  2 
9-3723731 
9.372894 

9.987679 

9.9.87649 

9.y876l8 

9.987588 

9.987557 

9-383129 

9.383682 

9.384234 

9.384786 

9.385337 

£0.616871 

10,616318 

10.615766 

10.615214 

10.614663 

lO.OI232j| 
10  012?51 
10.052382 
10.012412 
lc.012443! 

10,629192 

10.628670 

10.628148 

10.627627 

10.627106 

40 

41 

42 

43 
44" 

9.573414 

9*373933 

9*374452 

9.374970 

9.375487 

9-987526 

9.987495 

9.987465 

9.987434 

9.987403 

9.385888 

9.386438 

9.386987 

9- 1875361 
9.388084 

10.614112 
10.63  3562 
lo.6i  30131 
10.612464 
iC.61 1936 

10.01247^ 
10.012505 
10.012535 
S0.Q125  66 
10,012597 

10.626586 

10,626067 

10.625548 

10.625030' 

IC.624513' 

45 

46 

4  7 

48 

49 

5° 

$1 

52 

53 

if 

55 

57 

5^ 

59 

6c 

9.376003 

9^16^19 

9.377035 

9-377S49 

9.378063 

9.987372 

9.987341 

9.987310 

9.987279 

9.987248 

9.388631 

9.389178 

9.339724 

9.390270 

9.390815 

10.61 5369 
so. 610822 
10.610276 
10.609730 
10.609185 

10.012628 

10.012659 

10.012690 

10.012721 

10.052752 

10623997 
10.62348 1 
1 0,6  2  296  5 
10.622451 
10.621,937 

9-378577 

9-379039 

9-37960I 

9-380II3 

'9*38o624 

9.987217 

9.98718.6 

9.987I55 

9.987124 

9*987092 

9.395359 

9.391903 

9-392447 

9.392989 

9.393,535 

10.608641 
10.608097 
10,60/553 
10.60701  ] 
50.606469 

1,0.0 12783 
40.012814 
10.012845 
10.012876 
10,012908 

40-621423 

10.620911 

10,620399 

10.619887 

10.619376 

9-38U.34 

)9.38l643 

9.382152 

9.38266C 
9.383I68 
)  9,383675 

9.98706l 

9.987O3O 

9.986998 

9.986967 

9.986936 

9.986904 

9-394073 

9.394614 

9-395  554 
9.395693 
9.396233 
9-396771 

10.605927 

10.605386 

10.604846 

10.604307 

10.603767 

10.603229 

10,0 12939 
10,01297c 
10.013002 
10.01 8033 
10.01306/ 
10.01  309^ 

10.62  8866 
10.618357 
10.617848 
10.61734c 
.  s o.6e 68 3 2 

3  ir\d?632* 

Sine 

Tangent 

;  ; 

Secant 

is 

i  5’ 

|  ’.S3 

1 

5  0> 

!  (A 

7  6  Degrees* 

&  b 


(*gg6  )  A  Table  of  Artificial  Sines, 


14  Degrees . 


Minutes 

Sine 

! 

Tangent 

. .  j 

Secant 

oc 

i< 

2  c 

3  J 
4^ 

>.384181 

>.384687  V 
>.385192 

>.385697 

>.986904: 
>.986873  $ 
>.986841 
>.986809 
>.986978 

>*396771 

>.3973°S 

>.397846 

>  398383 
>.-398919 

10.603229 

L  0.602691 
10.602154 
0.601 61 7 
io.6oio8s| 

10.013096 

L0.013127 

[0.013159 
10.01 3191 
10.013222 

10.616325 

LO.6158S9 

10.615313 

10.614808 

10.614303 

10.613799 

rc. 613296 
ro.612793 
10.612291 
10.611790 

60 

59 

58 

57 

56 

55 

54 

53 

52 

5* 

5 

6 

7: 

8 

J! 

10 

I! 

12 

i 

16 

17| 

18 

*9 

20 

21 

22 

24 

>.386201 

>.386704 

>.387207 

J.387709 

J.388210 

>.986746 
9.986714 
9  986683 
9.986651 
9.986619 

9-399455 

9-39999^ 

9.400524 

9.401058 

9.401591 

10.600545 

lo.6cooic 

10.599476 

10.598942 

10.598409 

10.013254 

10.013286 

10.013317 

10.013349 

10.013381 

9.388711 

9,389211 

9-389711 

9.39021c 

9.390708 

9.986587 

9.986555 

9.986523 

>.986491 

9.986459 

9.402124 

9.402656 

9.403187 

9.403718 

9.404249 

10.597876 

10.597344 

10.5968 13 
10.596282 

*0.5-9  57 11 

IO.OI34I31 

10.013445 
10.013477 
10.013509 
10.01 354 * 

10.61 1289 
10.610789 
10.610289 
lc.6c97>c 
ic.  609292 

5° 

49 

48 

47 

46 

45 

44 

43 

e 

4® 

39 

38 

37 

36 

& 

32 

3i 
)  30 

9.391206 

9-39*7°3 

9-392199 

9.392695 

9.393190 

9.986427 

9.986395 

9.986363 

9.986331 

9-986299 

9.404778 

9.405308 

9.405836 

9.406364 

9.406892 

10.595222 

10.594692 

10.594164 

*0.593636 

10.593108 

10.013573 

10.013605 

10.013637 

10.013669 

10.013701 

10.608794 

10.608297 

10.607801 

10.607305 

10.606810 

9.393685 

9.394179 

9-394673 

9.39516^ 

9,39565^ 

9.986266 

9.986234 

9.986202 

9.986165 

9.986137 

9.407419 

9.407945 

9.408471 

9.408996 

9409521 

10.592581 

10.592055 

10,591529 

10.591003 

ic.590479 

10.013734 
10.0137  66 
10.013798 
10.013831 
10.013863 

10.606315 

10:605821 

10.605327 

10.6O4834 

10.604342 

25 

2(5 

2? 

2§ 

29 

3C 

9*39^  1 5C 
9.396641 
9.397X35 
9.397621 

9.398HI 

9.39860C 

9.986  IOZ 

9.986075 

*  9.986035 
9.986007 
9.98597^ 

)  9.98594' 

^  9.410045 
9.410569 
9.411092 
7  9.411615 
i  9412137 
9.412658 

10.589955 

10.589431 

10*588908 

10.588385 

10.58786:; 

10.587342 

10.01389^ 
10.01392b 
10.013961 
10.013  995 
10.01402^ 
10.01405b 

10.60385c 
10.603355 
10.60286b 
10.602375 
10.601.885 
l  10.60149c 

Sine 

Tangent 

Secant 

2 

3 

P 

rt- 

n> 

e/i 

.— — — . — — 

75  Degrees. 

Tang  entsaod  Secants. 


(  $ST  ) 


14  Degrees , 


g  Sine 

a 

c/> 

30 

31 

32 

33 

34 

35  9.401035 

36  9401520 
379  402005 
389402489 
39  9.402972 


9.398600 

9-399088 

9.399575 

9.400062 

9.400549 


40 

41 

42 

43 


9.40345s 

9403938 
9*404420 
9.404901 
44  9405382 


9.9855t5 

9.985480 
45194058659^985447 


9-9^594^ 

9.9859  ^ 

9.985876 

9.985843 

9.98581  j 

9~ 985778 
9.985746 
9.985712 
9.985679 


9.985613 


46 

47 

48 

49 

5° 

5? 

52 

53 

54 

55 


9.406341 

9.406820 

9.407299 

9.407777 


9.408  2  J4 
9.40873 
9-409207 
9.409682 
9*410157 

9.4*0632 
56(941*106 

$79-41*579 

589412052 

^9.412524 

609412996 


9.98- 


Sine 


Tangent 

9,412658 

9.413179 

9.413699 

9.414219 

9414738 

9415257 

9415775 
9.4*6293 
9.116810 
9,41732  6 

10.587342  i 
10.586821  1 
10.586301  f 
10.58578!  1 
10485262  1 

10.584743  1 
10484225  1 
10483707  1 
10483190  1 
10482674  1 

9.417842 

9.418358 

0.418872 

9.419387 

9.419901 

9.420415 

9420927 

942144- 

9.421951 

9.422465 

10481158  1 
10481642  1 
10.581127  1 
10480613  1 
10480099  1 

10.579585 1 
to  579075  1 
40.5785601 
io.  5  7  80494 
i°477537b 

9.422973 

9-423484 
'9.423993 
9424503 
)  942501 1 

10477027'* 

10476516 

10476007 

10475497 

10474989 

'94255*9 
)  9426027 

9.426534 

9427041 

*9427547 
i-  9428052 

10474481 

10473973 

JO.573466 

10472959 

10472453- 

10471948 

Tangent 

Secant 


10.6014°° 
10.6009 1 2 

10.600425 

10.599238 

10499451 


O.OI4989 


IO.598965 
IO.598480  ■ 

10.597995 
10.597511 
10.597028 

f  o*5  965  41 
10.^96062 
10.595580 
10.595099 
1 04946 18 

103594138 
10.593659 
10.5-93180 
ro.592701 
10,592223:1 

io*59l746!  io 

10.5912 69 

10.590793 

10.590318 
1 0.589843 

10.589368 
10.588894 
10.588421 
10.587948 
to.  $  87476 
m.  5 87004 


Secant 


9 

8 

7 

6 

5 

4 

3 

2 

i 

o 


7  5  Degrees. 
B  fa  2 


\ 


(  388  ) 


A  Table  of  Artificial  Sines, 


15  Degrees . 


3 

p 

CT 

H3 

in 


Sine 


9.41*9959-984944 

%. 413467  9.9849IO 

2  9.413938  9-9S4876 


3 

_4 

5 

61 

7 

8 

9 

ro 

n 

12 

i? 

’4 


15 

16 


p.414408 

9.414878 


9-415347 

9.415815 

9.416283 

9.416751 

9-4i72*7 


9.984842 

9.984808 


9.4x7684 

9,41814 9 

9»4i86i 5 
9.419079 
9419544 


9.420007 
9.420470 
1 719.420933 


18 

1? 

20 

21 

22 

n 

24 


25 

26 

27 

28 

29 

30 


9.984774 

9.984740 
9.9847 
9.984672 
9.984637 


9.984603 

9.984569 

9.984535 

9.984500 

9.984466 

9-984432 

9.984397 

9.984363 

9.984328 


9-421 195 

94218579-984293 


9.422318 

9422778 

9-425238 

9423697 

9424156 


9.424615 

9.425073 

9.425530 

9425987 

9426443 

9.426899 


9.984259 

9.984224 

9.984x89 

9.984155 

9.984120 


9.984085 

9.984050 

9.984015 

9.983981 

9.983946 

9.983910 


Sine 


Tangent 

Secant 

(  l 

9.42SO52 

9-4*8557 

9429062 

,7425566 

9430070 

10.571948 

l0-57I443 

10.570938 

10.570434 

10.569930 

10.015056 
10.01 5090 
10.015 124 
10.01 5 15  S 
10.015192 

10.5^.7004 
IC.586533 
10.586062 
10.585592 
IO.585  122 

9.430573 

9.43IO75 

9431577 

9432079 

9432580 

10469427 

10.568925 

10.568423 

10.567921 

so.567420 

10.015226 

10.015260 

10.015294 

10.015328 

10.015363 

IO.584653 
ic.  584185 
IO.5837I7 
so.  583249 
10.582785 

9.433080 

9.433580 

9.43408c 

9-434579 

9435078 

10.566920 

10.566420 

10.56592c 

to.565421 

10.56492* 

io.015397 
10.015431 
10.015465 
i  0.015500 
10.015534 

10.582316 

10.581851 

10.581385 

10.580921 

10.580456 

9435576 

9436073 

943657C 

9437067 

9.43756S 

10.564424 

10.563927 

10.563430 

10.562933 

10.562437 

10.015568 

10.015603 

XCOJ5637 

10.015672 

10.015707 

10.579993 

10.57953c 

10.579067 

10.578605 

IC.578143 

9438059 

9438554 

9439048 

9*439543 

9440036 

10.561941 

10.561446 

10.560952 

10.560457 

10.559964 

10.015741 
10.015776 
10.01581 1 
10.015845 
10.015880 

10.577682 

10:577222 

10.576762 

10.576303 

10.575844 

9.440529 

9441022 

9.44I5H 

9442006 

9.442497 

9442988 

IO*$  $947 1 
10.558978 
10.558486 

ic-557994 

10.557503 

10.557012 

IO.015915 

10.01-5950 

10.015985 

10.016019 

10.016054 

10.01609c 

10.575385 

10.574927 

10.574470 

10.574013 

l0*573^7 
10.573 10 1 

Tangent 

Secant 

60 

59 

58 

57 

56 

55 

54 

53 

52 

5i 


50 

49 

48 

47 

46 

45 

44 

43 

42 

4i 

40 

39 

38 

37 

36 

35 

34 

33 

32 

3i 

30 


74  Degress. 


Tangents  and  Secants  (  389  ) 

1 5  Degrees 

2 
»— *  • 

3  i 
c 

r-t 

O) 

in 

k— * 

3° 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

►—=* 

45 

46 

47 

48 

49 

< 

50 

*)2 

53 

54 

55 

56 

57 

58 

55 

6c 

Hx 

Sine 

Tangent 

Secant 

9.425899 

9.427354 

9.427809 

9.428263 

9.428717 

9.9839IO 

9.983875 

9.98384O 

9.9838O5 

9.983770 

9.442988! 

9443479 

9.44.3968 

944445  s 
9.444947 

10.557012 

10.556521! 

10.556032 

IO*555542| 

10.555053I 

10.016090 

10.016125 

10.016160 

10.016195 

10.016230 

10.573101-301 
10.572646:291 
10.572191  281 
10.571737  27I 
10.571283  26J 

9.429170 

9.429623 

9.430075 

9.430527 

9.430978 

9.983735 

9.9837OC 

9.983664 

9-983629! 

9483594 

9445435 

9.445923 

9.446411 

9.446898 

9.447384 

10.554565110.016265 
10.554077  10.016300 
ic*5535894o.oi6336 
10.553102110.016371 
10. 5  5  26 1 6  10.0  s  640^ 

10.570830251 

io.570377j24j 

10.569925,23 

10.5694731221 

10.5690221211 

9.431429 

9.431879 

9.432328 

9.432778 

9.433226 

9.983558 

9.983523 

9.983487 

9.983452 

9.983416 

9447870 

9.448356 

9.448841 

9449326 

9.449816 

10.552130110.016442 
10.551644:10.016477 
10.55 115940.016513 

10.550674I10.016548 

io.55oi9o'io.oi6584 

IO.56857I  2Cj 

IO.56812I  I9J 

1 0.567672  ji  81 
10.567222  17I 
10.566774  i6| 

9.433675 

9.434122 

9.434569 

9.435016 

9.435462 

9.983380 

9.983345 

9.983309 

9.983273 

9.983238 

9450294 

9450777 

9-451260 

9451743 

9452225 

10.549706,10.016620 
io.$49223!ro.oi6655 
10.548740  10.016691 
!o.54825  7  10.016727 
10.547775  10.016762 

(0.566325  15I 
10.565878  14S 
10.565431  13I 
10.5  649841 121 
10.564538  Hi 

9.455908 

9.436353 

9.426798 

9437242 

9437686 

9.983202 

9.983166 

9.983130 

9.983094 

9.983O58 

9452706 

9453287 

945  3668 
9454H8 
9454628 

10.547294 

10.546813 

10.546332 

10.545852 

£0.545372 

10.016798 

10.016834 

10.01(5870 

10.016906 

10.016942 

io.564o92|iol 
10.563647]  91 
10.563202]  81 
10.5627581  71 
10.56*3 1 4|  6| 

9.438129 

9.438572 

9.439014 

9-4394‘i6 

9.439897 

>9.440338 

9.983022 

9.982986 

Q.98295O 

9.982914 

9.982878 

9.982842 

9455I07 

9.455586 

9.456064 

9456542 

9457019 

9457496 

10.544893 

10.544414 

10.543936 

lo‘5434$8 

10.542981 

10.542504 

10.016978 

10.017014 

10.01705c 

10.017086 

10.017125 

10,01715$ 

10.56 1 87  it  5J 
10.561428!  4| 
10.560986]  3] 
10.560544  2 1 
1  10.560103]  i| 
5  10.559662]  cj 

Sine 

L'  ~ 

.Tangent 

s 

Secant  g 

]  a  1 

74  Degrees t  1 

B  b  3 


(  39°  ) 


A  Table  of  Artificial  Sines, 


1 6  Degrees 


«Ti 

C 

a 


Sine 


P44°33S 

9.44077b 


_  9.441 2 189.98  2769 
3  9.44 1 6$ ^  9-9^733 


15  9.446093* 
i6>'-447326 
?7!9-447?5v 

18  9.44S19  i 

U' 944862.; 


9.982842 

9.9811805 


Tangent 


9.45749610.542504 

9457973!to442027 
945844910.54155  j 
9.458925IS0.541075 


9.982696  9.459400,10.540660 


9.98266q94s)9875’io.54°i  25 


9.982624 

9.982587 

9.982551 


4  9.44209  c 

^9.442  5  3s 

69.442973 

7*94434 lc 
§9443847 
^9.444284  9.981514 

^'9444720  9-982477 

n,944‘)4S  9.98H41 

129-445  59- 

139446025 

1 4  9.4464599.982331  9464128 


9.46034940.539651 
9.46082^10.539x77 
9.461297  10.538703 
9.461 77c!io.5  38230 
9462242:10.537758 
94627i4’io.537286 

9.982404  94^3186  10.536814 
9.98  2  3  67*946365  8  10.536342 

>0.535872 


9.982294 
9.982257 
9.98222 
9.982 1S3 
9.982146 


9.9  -  2109 
9.982072 


9.981961 


209.449054 
2 j  9.449485 

229449915  9-982035 

23*9.45034.5  ‘9-981998 
24.945^775 
25*9.45  1204 
26^9.45  163" 

27!9.4$2o6g 

289452488 

299.452915 


30 


9453342 


9.981924 


9.98:774 

9-98-1737 


Sine 


9.464599 

9.465069 

9465539 

9.466008 

9.466476 

9.466945 
9.46741 3 
9.467880 
p.468347 
9.4688  54 


9.469280 


9.9818869.469746 
9.981849  9.470211 
^9818129.470676 

9-47114I 

9.471605 


10.5354°! 

10.53498* 

10.534461 

10.533992 

10;  5J3524 

10.533055 

10.532587 

IC432I2: 

10.531653 

I  0.5  g  1  186 


Secant 


10.017158 10.559662 
10.017195  10.559222 
10.017231 10.158782 
10.06  7267  IO.558342 
IC.O17304  10.5  5  7904 


IO.53O72O 

10.530254 

10.529789 

IO.529324 

10.52^859 

10.528^95 


Tangent 


10.017340  1G>*5 5 74^5  , 
10.017376  ia557°27  5. 
ic.017413  10.556590  5 
10.017449  IO-5  56i5  3  5 
10.017486  f0-5?57i6  5 

10.017523  1Q-55528o|5 

-  - -  4  in 


60 

59 

58 

57 

0 

55 


10.017706  I0*553l07  ■ 
10.017743  10.552674 
10.017780  10.552241 . 
10.017817  1 0.55 1809! 
10017854  »°«55»377t 
10.017891  10.550-"* 
10.017928  ro  r'' 
10.017965 
10.018002 
10.018039  10-5492* 


10.018076  10.54879 
ip.0181 14  10.54836 


1O.018151 
10.018188 

10.018226 

10.018263 


10.550515 
10.55008*: 
10.54965^ 


10.54794 
10  54751 
10.54708 
10. 


Secan 


73  Degrees . 


Tangents  and  Secants 

(  391  )  1 

1 6  Degrees  1 

<L> 

C! 

CO 

Minutes 

fangent 

Secant 

309-453342S 
31  9-453763  s 

329454194  s 

3394546195 

3419455044  c 

1.981737  s 
1.981699  5 
>.98166$  5 
>.981624  5 
7.981587  S 

>471605  i 
>472068  1 

>472532 
>472995 1 
>473457 

0,528395  t 

0.527932 
.0.527468  1 

lC.  527OO5 

10.526543 

0.018263 
10.018301  j 
10.018338 
10.01837$ 

10.018413 

L0.5466$8|30 
[ O.54623.2  29 
IO.5458C6  28 

IO.545381  27 

10.544956  26 

3^5  9455469  c 
369455893 
37  94563 16 
389.456739  V 
399457162 

7.98-1549 

7.981512 

7.981474 

7.981436 

9.981399 

M739*9 

7474381 

7.474842 

?  475303 
9.475763 

L  O.526081 
[0.52$0I9 
tc. 525 158 
IO.524697I 
IO.524237 

10.018451 
10.018488 
10.018526 
10.0. 8564 
10.018601 

10.544531  25 
10.544107  24 
10.543684  23 
10.54326*  22 
10.54283B  21 

40  94575$4 

41  9.458006 

429458427 

43  9458848 

44  9.459268 

7.981361 

7.982323 

9.981285 

9.981247 

9.981209 

9476223 

9.476683 

947  7H2 
9477601 

9478059 

10.523777 

IO.523317 

IO.522858 

IO.522399 

$0.521941 

10.018639 

10.018677 

10.018715 

5  0.01  8753 
10.01 8791 

IC.542416  2C 
IO.541994  19 
10.541573  18 
10.541152  l7 
10.540732  16 

45  9459688 

46  9460108 

47  9460527 

48  9460946 

49  >461364 

9.981 171 
9.981133 
9.981095 
9,981057 
9.981015 

9478517 

9478975 

9479432 

9479S89 

9480345 

10.521483 

I0.52l02x5 

10.520568 

10.5201 1 1 
IC-5 1 96^5 

10.018829 

10,018867 

10.018905 

to.018943 

10,018981 

10.5403 1215 

1 0. 539892  l4 
tc.539473  l  3 
10.539054  12 
10.*;  38636s1 1 

5c  9.461782 

51  9462199 

52  9462616 

53  9463032 
549463448 

9.98098- 

9.980942 

9.980904 

9.980866 

9.980827 

9.486801 

9481257 

9.481712 

9482167 

9482621 

10.5 19199 
10.518743 
110.518288 
10.517833 
10.517375 

ip. Cl  902c 
10.019058 
lo.oipopd 

10.019134 
10. 01 9375 

10.538218  lcj 
10.537801  91 
,10.537384  S 
10.$ 36968f  7 
10.536552^ 

5s  9463864 
569,464275 

57  9.464694 

58  9,465  io^ 

59  9.465525 

60  9465931 

.9.980785 
9.98075c 
.9.98071:; 
\  9,98067- 
9,98063* 
>  9.98o<9< 

948307  s 
9483525 
9.4839.8: 

5  9.48443* 

5  9.48488 

<  948533 

10.516925 
)  10.5 16471 
2  10.51601^ 
>  IO.51556- 
7  10.51511 
9^10.51466 

10.019211 
10.01924c 
i  10.01928* 
5  10.01932 
3  10.0193  6 
1  10.01940 

*0,53613  6  < 

?  10.53572a  4 

3  10.535306  3 
7  10,534892  2 
1  ic.534478  1 

4  io.^34o6'j|  0 

Sine 

Tangent 

2 

Secant  8 

jst 

73  Degrees* 


(  392  ) 

A  Table  of  Artificial  Sines, 

17  Degrees 

a 

J= 

Sine 

ft 

0 

9.465935 

) ' 

9.4^63481 

2 

9.466761 

3 

■* 

9.467173 

~  n 

9.980558 

9.980519 

9.980480 

9.980441 


5  9*4^.7996 

69.468407 
7:9.468817 
8  9469227 
_j9469637 
109470046 

11  9470455 

12  94708  >3 

139.471274 
14.947  678 
9472086 

94724.^ 
9.472898 

i8|94733°4 
1 9947  3 ( 
2o]9474s  15 

2J  94745.I9 

22  947 4923' 


23 

24 
2$ 


9.980403 

9.980364 

9.980325 


9.9802869489941 


9.980247 


9.980208 
9.9801 69 
9.980130 
9.980091 
9.980052 

9.980012 

9-97997  3 
9*979934 
9479895 

.979855 


Tangent 


— -t* 


9-4§S33S> 

>•48)79* 

9486242 

9.486693 

9487H3 


9.487593 

9.488O43 

9.488492 


9.979816 
9-979776 
9-9^9737 

9'475327r9479697 


947522? 
9.476  s  32 


9.979618 
2  6b .  476  5  3  6j  9. 9  7.9  578 

r»/  a  0*7^  f  .-.a 


9.979658 


9.489390 

9489838 

9.490286 

9-490738 
9491 181 
9491627 


9.492073 

9.492519 

9492965 

9493410 

9493s<4 


10.5 14661 
10.514209 
10.513758 
io.513307 
10.512857 

10.512407 

10.511957 
10.511508 
10.5 1 1059 
10.51061c 


Secant 


10.019404, 

10.019442 

10.019481 

10.019520 

10.019559 


10.534065 

10.533651 

io433239 
10.532827 
io4  3241 5 


10.5 10162 
10,509714 
10.509267 
10.508820 
10.50837^ 


9.494299 

9494743 
9.495  £ 86 
9.495630 
9.496073 


10.5079*7 
10.507481 
10.507035 
10.506590 
10.  $06 1^6 

10.505701 

10.505257 

ic.504814 

10.504370 

10.503927 


2  719-47  69  3 
*8)947734° 
2 


99-4  77745 


9.496515 
9' 


30 


9478142 


9.9795399497399' 

9-979499  949784I 

94794599-498282' 

9.979419  9-498722; 


40.503485 

10.503043 

ic.502601 

10.502159 

10.501718 

10.501278 


Tangent 


ro.019597 

10.039636 

10.019675 

10.019714 

10.019753 


10.019792 

10.019831 

10.019870 

10.019909 

.0.019948 


10.019988 

10.020027 

10.020066 

10.020105 

10.020145 

10.020184 

10.020224 

10.020263 

10.020303 

10.020342 


IO.532004 

10-!3*593 

10.531183 

10.530773 

so.530363 
IO- 429^54 
10.529545 
10.529137 
eo.528729 
ic.528322 


60 

59 

58 

57 

0 

55 

54 

53 

52 

1} 

50 

49 

48 

47 

46 


10.527914,45 

10.527508:44 

10.5  27 102S43 
10.526696 
10.52.6290 


10.525885 
10.525481 
10.525077  38 
10.524673  3 
10.5  242  70(3  e 


42 

4i 

4c 


10.020382^  0.5  2  3  867135 
1 0,0  2  042  2  10. 5  2  3  464: 3  4 
10.020463  E0.523062I33 


10.020501 
ic.020541 
10.0205  8  j 


10  52266032 
10. 5  222  5  9I3 1 
10.521858  3c 


Secant 


£ 

*-» 

D 

P 

rt 

Cii 


72  Degrees. 


Tangents  and  Secants. 

(  393  ) 

1 7  Degrees . 

* 

* 

Sine 

Tangent 

9.478142 

9.478542 

9-478942 

9.479342 

9479741 

9-9794*9 

9.979380 

9479340 

9.979300 

9.979260 

9498722 

9499163 

9499603 

9.500042 

9.500481 

9.480140 

9.480538 

9480937 

>9481334 

,948*731 

9.979220 

9.979180 

9.97914c 

9.979IOO 

9.979059 

9.500920 

9.501359 

9401797 

9402235 

9.502672 

9482128 
9482525 
948292 1 
94833*6 
j  94837*2 

O.979019 

9.978979 

9.97S939 

9.978898 

9.9788^8 

9403*09 

94°3546 

9403982 

9.504418 

9.504854 

9484*07 

)  948450* 

9.^84895 
s  9485289 
9.485682 

9.978817 

9-978777 

9.978736 

9.978696 

9.97865s 

9405289 

9405724 

9406159 

9406593 

9407027 

)  9486075 
9.486467 
9.486859 
9.487251 
9487643 

9.978615 

9478574 

9478533 

9478493 

9478452 

9407460 

9407893 

9408326 

9408759 

9409191 

9488033 

9488424 

9488814 

9489204 

9489593 

9489982 

9.9784H 

9.978370 

9.978329 

9.978288, 

9.978247* 

9478206. 

9409622 
9.510054 
9410485 
94  10916 
9411346 
94**776 

[Sine 

Secant 

10.501278 

10.020581 

10.521858 

3° 

10.500837 

10.02062c 

10.521458 

29 

10.500397 

10.02c  66c 

10.521058 

28 

*0.499958 

10.02070c 

10.520658 

27 

*°*4 996 19 

10.020740 

10.520259 

26 

10.499080 

10.020780 

10.51986c 

2  5 

10.498641 

£0.020o2c 

10.519462 

24 

10.498203 

IO.O2fe860 

10.5 19063 

23 

10.497765 

IO.O2O9QO 

10.518666 

I22 

10.497328 

1 0.02094  l 

10.5 18269 

21 

10.496891 

10.020981 

10.517872 

20 

10-496454 

10.021021 

10.517475 

*9 

10.49601 8 

10.021061 

10.517079 

18 

10.495582 

10.021102 

10.516684 

17 

10495146 

10.021  142 

10,516288 

16 

*0.49471* 

10.021 183 

10.515893 

*5 

10.494276 

10.021223 

10.515499 

14 

10493841 

1C.C2X264 

ic.515 105 

*3 

£0493407 

10.021304 

104*4711 

£2 

£0492973 

IO.O2I345 

10.514318 

1 1 

10.492540 

10.021385 

,l°*5  *39^5 

IO 

10.492107 

10.021426 

10.513533 

9 

ic.491674 

[0.02  1467 

*0.51314! 

% 

10.491241 

10.021507 

10.51274Q 

7 

10.490809 

10.021  548 

10.5*2357 

6 

10490378 

10.021589 

ic.5  s  1067 

10489946 

10.021630 

10.511576 

4 

10.489515 

10.021671 

10.5  51186 

3 

10.489084 

10.021712 

10.5 10796 

2 

1048S654 

IO.O21753I10.51O4G7 

1 

10.488224 

10.021794(10.5 10018 

0 

V- 

iS» 

Tangent 

Secant 

r~*  «■ 

D 

d 

«-* 

o> 

W 

J2  Degrees. 


i 


I  (  394  )  A  Table  of  Artificial  Sines, 

v  1 8  Degrees 

s 

a 

p 

rr 

n> 

10 

q 

1 

2 

3 

4 

"5 

6 

7 

8 

9 

Sine 

Tangent 

Secant 

9.489982 
9*4993  7 1 
9*49°759 
9.491147 
9.491534 

9.978206 

9.97816c 

9.978124 

9.9780831 

9.978042! 

9.511776 

9.512206 

9.512635 

9.513064 

9.513493 

10.488224 

10.487794 

10.487365 

10.486936 

10.486507 

10.021794 

50.02183-5 

50.021876 

10.021917 

10.021958 

10.5 10018 
10.509629 
i  0.509241 
10.J08853 
10.5084  66 

5o 

$9 

5s 

57 

56 

9*49  *9  22 
9.492308 
9.492695 
9.493081 
9.493466 

9.978001 '9*5  l3921 

9-97795^9-5I4349 
9.9779I89-5I4777 
9.977877  9.515204 

9.9778359-515631 

10.486079 

10.485651 

10.485223 

10.484796 

10.484369 

10.021999 

10.022041 

10.022082 

10.022123 

10.02216.5 

10.508078 

10.507692 

10.507305 

10.506919 

10.506534 

55 

54 

58 

52 

51 

5o 

49 

48 

47 

0 

IC 

i  1 

12 

§3 

*4 

9*49335i! 

9.494236 

9.4.94620 

9.495095 

9*495388 

9*977794^*  5  i6°57 
9.9777529*5  *6484 

9.97771 1  9*5  i6910 
9.9776699*“) 1 73  3  5 

9.97762§i9*5I776i 

10.483942 
10. 4  83  5 16 
10.483090 
10.482,665 
10.482239 

10  022206 
10.022248 
10.022289 
10.022331 
10.022372 

10.506149 

10.505764 

io.5°538c 

10,504995 

10.504612 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
36 

9.495772 

9.496154 

9.496537 

9.496919 

9.497301 

b-977586 

(9-977544 

19-977503 

9-97746J 

9.977419 

9.518185 
9.5 186 1 0 
9.519034 
9.419458 
9.419882 

ic.481815 
ic.48 1390 
10.480966 
£0.480542 
10.4801*8 

10.022414 

10.022456 

ic.022497 

10.022539 

10.022581 

10.504228 

10.503846 

10.503463 

10.503081 

io,«?026go 

45 

44 

43 

42 

41 

9.497682 

9.498063 

9.498444 

9.498824 

9.499204 

9.977377 

9*977335 

5.977293 

59.977251 

^9.977209 

9.520305 

19.520728 

‘9.521151 

'9.521573 

9.521995 

10.479695 

10.479272 

1 0.47  8849 

10478427 

10.478005 

10.022623 

10.022665 

10.022707 

10.022749 

10.022791 

10.502318 

10.501937 

10.501556 

10.501176 

10.500796 

40 

39 

38 

37 

36 

9.499^849.9771679.522417 
9.499963  9.977125  9.  >22838 
9.500342  9,97708319.523259 
9.50072  1  9.97704  i!9'523^7> 

9.501099  9,976999*9. ''.2410c 

9.501476  9.076957I9.52452C 

10.477583 

ic.477 16* 
10.47.6741 

10.476321 

10.47590c 

10.47548c 

10,022833 
io  022875 
10.022917 

50.022955 

IC.023001 

10.02304; 

10.50041c 

10.500037 

10.499658 

10499275 

10.498901 

10.49852^ 

35 

34 

33 

32 

3i 

30 

Sine 

jTangent 

Secant 

£ 

S'" 

p 

r-t> 

ct» 

i/t 

71  Degrees 

Tangents  and  Secants. 


(  595  ) 


Sine 

Tangent 

9.501476 
9.501854 
9.50223 1 
9.502607 
9.502984 

9.976957 

9.976914 

9.976872 

9.976830 

9.976787 

9.524520  1 
9.524939  1 
9.525359  i 
9.525778  1 
9.526197  1 

9.503560 

’9-5°3735 
9.5041 10 

9.504485 

9.504860 

9.976745 

9.976702 

9.976660 

9.976617 

9-976574 

9.526615  1 
9.527033  1 
9.527451  ! 
9.527868  1 
9.52828s 

59.505234 
9.505608 
119.505981 
jb.506354 
\  9.506727 

9-976532 

9.976489 

9.976446 

9.976404 

9.976361 

9.528702 

9.529H9 

9.529535 

9.52995c 

9.530366 

>  9.5P7099 
3  9.507471 

79.507843 

3  9.508214 
?y. 508585 

9.976318 

9.976275 

9.976232 

9.976189 

19.976146 

9.530781 
9.53II96 
9.531615  L 
9.532025 

9.532439 

D  9.508956 

1  9,509326 

2  9.509696 

3  9.5  IOO65 

J.  9.510434 

9.976103 

9.97606c 

9.976017 

9-975974 

9.975930 

9.532853 

9.533266 

9.533679 

9.534092 

9.534504 

5  9.510803 
-  7.5 f  1 1 72 

7  9.5fi54° 

S  9.511907 
p  9.5 12275 
09. 512642 

9.975887 

9.975844 

9.975800 

9.975757 

9.975713 

9.975670 

9.534916 

9.535328 

9-535739 

9.536150 

9.536561 

9.536972 

Sine 

IS  Degrees . 


0.475061 


Secant 


10.023043 
10.023086 
10.023 128 
10.023170 
to.02321 3 


10.023255 

10.023298 

10.023340 

10.023383 

10.023426 


10.498524 

10.498146 

10.497769 

10.497393 

10.497016 


10.466734 

10.466321 

10.465908 

10.465496 


10.023468 
10.0235 1 1 
10.023554 
10.023596 
10.023639 

10*023682 
10.023725 
10.023768 
10.0238?  1 
10.023854 

10.023897 

10.02394c 

io?o23983 

10.024026 

10.02407° 


10.496640 
10.496265 
10.495890 
10.495  5 1 5 
10.495 140 

10.494766 

10.494392 

10.493019 

10.493646 

10.493273 


30 

29 

-28 

27 

26 

25 

24 

33 

22 

21 


10.465084  10.0241 13 


10.464672 

10.464261 

10.463850 

10.463439 

10.463028 


10.492901 
10.492529 
10.4921  57 
10.491786 
10.491415 

10.491044 

10.490674 

10.490304 

to.489935 

10.489566 


Tangent 


10.024156 

10.024200 

10.024243 

10.024287 

10.02433° 


10.489197 

10.488828 

10.48846; 

10.488093 

10.487725 

10.487358 


19 

l7 

16 

14 

l3 

12 

1 1 

lO 

9 

n 

1 

6 


Secant 


71  Degrees. 


C  396  ) 


A  Table  of  Artificial  Sines, 
l9  Degrees 


09.512642  9.975670 
9.515009  9.975626 
9-5 £ 3375  9.975583 


9.536972 

9-537382 

9.537792 


ic 

1 1 

12 
*2 

11 

*5 

16 

17 

18 

19 


?-5  1 374 1  9-97  5  ^39  9- 5  3^202 
9.5 14107  9,97  *>4$*6jP-  538611 


9.514472 

7-5*4837 
9.5 15202 
9.515566 
9-5  *593° 
9.516294 
9.516657 


21 

22 

23 

24 


25 


9-975 1 89 
9.517020  9-975*45 
9.51738219.975101 
9.5*7745i9-975057 


9-975452  9-539020 

9-9754o8;9-539429 

9-975365'9-539837 

9-97532i!9-540245 

9-9  7  5  377  9- 5  4°6S  3 

9-975233'9-54*o6i 


9.51810719-975013 
9.51846819.974969 
9.51882919-974925 
9.519190I9.974880 
9-5*95  5^i9-974'8s6! 


9.5199 11  9.974792 
9.520271  9.974747 


9-54M68 

9.541875 

9.542281 

9.542688 


Secant 

10.463028 
10.462618 
10.462208 
*0.461798 
10.461 389 

r  0.0243  3° 
10.024374 
10.024417 
10.024461 
10.024504 

50.460980*  0.0245  48 

1 0.4605  7 1  -1 0.024492 
10.460163  *0.024635 
10.45975c  *0.024679 
10.459347110.624723 

*0.458939 

10.458532 

10.458125 

*0.4577*9 

10.457312 

io  024767 
10.024811 
10.024855 
10.024899 
10.024943 

10.456906 

10.456501 

10.456095 

10.024987 

10.025031 

ic.025075 

9.543094 
9-5434 99 

9.543905 

9*  5  44  3 1 0  [1 0.4  5  5  690 
9*  5447 1 5  10.455285 

9.5451.19  10.454881 
9.545524U0.454476 


9.520631I9.974703V9.545928I10.454072 
9.520990  9.974659  ^  " - 


re 


00 

59 

58 

57 


10.025120 

10.025164 


10.483706 
10.483343 
10.48298c 
10.482618 
10.482255 
10.481893 
10.48 1532 
10.481 171 
10.48081c 
10.480449 


10.480089 

10.479729 


9.5  21349  9.9746 14 


9.54633*110453669 

9-546735*0.453265 


,  9.521707(9.974570 
26  9.522066(9.974525 
9.522423119.9744^1 

9.522781^9.974436^ _ .  t/  ## 

9.523138  9.974391  9.548747  10.451253 


27 

28 


29 

30 


9.547*38  10.452,862 
9-547540  10,452460 
9-547948  10.452057 
9-548345  10.451655 


9-5^3495  9-97  4347  9-549*49  10.4508 


5* 


Sine 


Tangent 


$0.025208 
10,025253 
10.025297 
10.025341 
10.025386. 

10.025430  *0.478293 

10.025475  10.477934 
10.025519  *0.477577 


10.479369 
10.47901c 
10.47865 1 


10.025564 

10.025609 

10,025653 


10.477219 

10.476862 

10.476505 


55 

54 

53 

52 

5i 

5o 

;49 

48 

47 

46 

45 

44 

43 

42 

4* 

40 

39 

38 

37 

36 

35 

34 

33 

3Z 

3i 

30 


Secant 


H-W 

3 

c 

n 

tn 


70  Degrees 


Tangents  and  Secants. 


1 9  Degrees • 


*—*  < 
P 

rt 

CD 

in 


30 

31 

32 

33 

'34 

36 

37 
3S 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

5o 


Sine 


9523495 

94523852 

9.524208 

2*524564 

9,524920 


9525275 

9.525630 

7*525984 

9.526339 

9.52f<5$3 

9.527046 

9.527400 

9*527753 

9.528105 

9.528458 

9.528810 

9.529*61 

9.529513 

9.529864 

9.530215 


9.974347 

9.974302 

9.974257 

9.974212 

9.974167 


9.974122 

9.974077 

9.974032 

9*973987 

9973942 


9.973897 

9.973852 

9.973807 

9.973761 

9.973716 


9.973671 

9.973625 


9*530565 

>530915 

9*531265 

9.531614 

9.531963 


9*53*312 

9.532662 

9.533009 

9.533357 

>533704 

9*534052 


Tangent 


9.549149 

9.549550 

9.54995  s 
9.550352 
9.550752 


9*551152 

9  551552 
9.551952 
9,552351 

9.552750 


9.553M9 

>553548 

9.553946 

9*554344 

9.554741 


9*555139 
9*55  5536 


9.9735809*555933 

9*973535  9  556329 

9.973489  9.556725 

9.973443S9.557121 

9*973398  9*5575  1  7 
9.973352  9*5  5791 2 
9.973307  9.558308 
9.973261  9.558702 


Secant 


10.450851! 

10*450450 


10.025651 

10.025698 


10450049 10.025743 
10.449648 10.025788 

10  449248110.02583^ 


10.447649  10.026013 


10.44685 1 
10.446452 
10.446054 
10.445656 
10.445259 


10.026  iO'2 
-/ 

lO.026l48 

10.026193 


9.973215 

9973169 

9.97^24 

9.973078 

9.973032' 

9.972986 


Sine 


9.559097 

9.559491 

9.559885 

9.560279 

9.560673 

9.561066 


10,444861 
10.444464 10.026375 
10.444067 
10.44367  iiic.026465 
10.443275U0.c265 1 1 


19.442483 10. 
^0.442088 10. 
10  441690I10. 


10.440509 
10.4401 1 5 
10.439721 
10.439327 


ic.026968 


10.438 934  f 0.027014 


Tangent 


(  397  )  \ 

10.476505 

30 

IO.476148 

29 

IO475792 

28, 

10475436 

27 

SO.475080 

26 

19.474725 

25! 

>1 

K6.47437C 

24 

10.474016 

2  02 

10.473661 

2.2| 

IC.4733O7 

2lj 

10472954 

30| 

£C.4726jO 

Ip! 

IO.472247 

i8i 

IO471895 

*7| 

IO.47I  542s 

?6! 

-  .  * 

1047  J  I9C 

|  «r  I 

IO47G839 

I  ^ 

'  *r 

10470487 

10. 470136 

1 2 

1 1 046978  5 

1 1 

J10.469435 

;io 

>110.469085 

.9. 

JiQ.468735 

8- 

Jic.468386 

7 

>{10.468037 

.  6 

110.167688 

5: 

10.4673.39 

4 

3 10.466991 

3 

>  10466643 

2 

J  10.466296 

i 

.  10.465948 

c 

H 

Secant 

: 

C 

«**• 

• 

!  OR 

!  w 

70  Degrees . 


C  3P8; 

A  Table  of  Artificial  Sines, 

i 

20 

Degrees 

Minutes 

Sine 

r 

4* 

Fangent 

Secant 

0 

o 

1 

2 

3 

4 

9-534052 

9-534399 

9-53474$ 

y-53509i 

9-535437 

9-972986< 

9.972940 

9.972894 

9.972848 

9.972802 

5.561066 

5.561459 

5.561851 

5.562244 

9.562636 

*  0.438934 

l0*438$4i 

10.438149 

10.437756 

10.437364 

10.027014 

10.027060 

10.027106 

10.027152 

10.027198 

10465948 
10465601 
<0  465255 
10464908 
50.464562 

60 

^9 

)8 

>7 

56 

5 

6 

7 

8 

9 

9-5357^3 
9-536l2> 
9-  536474 
9.536818 

9-537I63 

9.972755 

9.972709 

9.972663 

9.972617 

9.972570 

9.563028 

9.563419 

9.56381] 

9.564202 

9.564592 

10.436972 

10.436581 

10.436189 

ig.435798 

10.435408 

10.027245 

10.027291 

10.027337 

10.027383 

10.027430 

10.464217 

10463871 

10.463526 

10463182 

10462837 

65 

54 

53 

52 

51 

XO 

11 

12 
13 
H 

9- 537507 
9-537851 
9.538194 

9-538537 

9.538880 

9.972524 

9972477 

9.972431 

9.972384 

9.972338 

9.564983 

9-5^5373 

9.565763 

9.566153 

9.566542 

10435017 

10.434627 

10.434237 

10.433847 

10.433458 

10.027476 

10.027523 

10.027569 

10.027615 

10.027662 

10462493 
10462149 
10461806 
10.461462 
1046 1 120 

5® 

49 

48 

47 

+6 

*5 

16 

17 

18 

19 

9.539223 

9-539565 

9-519907 

9.540249 

9-54059° 

9-9722S>* 

9.972245 

9.972198 

9.97215! 

9.972105 

9.566932 

9.567320 

9.567709 

9.568097 

9.5684^0 

10.433068 

10.432679 

10.432291 

10.431902 

10.431514 

10.027709 

10.027755 

10.027802 

10.027849 

10.027895 

10460777 

10460435 

10.460093 

10459751 

[10459410 

45 

44 

43 

f 

41 

20 

21 

22 

23 

24 

9.540931 

9.541272 

9.H16I3 

9-541953 

9.542295 

9.972058 

9.971011 

9.971964 

9.97x9i7 

9.971870 

9.568873 
9  569261 
9.^69648 
9.570035 
9.570422 

10431127 

10430739 

10430352 

10429965 

10429578 

10.027942 
10.027989 
10.028036 
10.028083 
10.028 13c 

10459069  40 

10.458728,39 
r 0.458387  38 
10458047  37 
f 0457707  36 

25 

26 

27 

28 

29 

30 

9.542632 

9.54297 

9.5433io 

9.543649 

9-543987 

9.54432s 

9.971823 

9.971776 

9.971729 

9.971682 

9.971635 

9.971788 

9.570809 

9.571196 

95715s* 

9.571967 

9.57*35* 

9.572738 

10.429191 
10428805 
10428419 
1042803  3 
10427648 
10427262 

10.028 177 
10.028224 
10.028271 
ic.028318 
10.028365 
10.028412 

10.457368  3$ 
10.457029  34 
10.456690  33 
10.45635 1  32 
10.456013  3 1 
10455675  3° 

Sine 

Tangent 

Secant 

s 

3 

C 

r* 

Cl 

IS) 

69  Degrees 

T angents  and  Secants, 

20  Degrees . 


(  3 99  ) 


Sine 

f 

Fangent 

9*544325 

9.544663 

9.545001 

9*54533§ 

9»<45674 

9.971588  9*572738  1 
9.97i54o9*573123  i 
9.971493  9‘573507  1 
9.9714469-573892 

9*97 1398  9-574276 

9.971351  9.574660 
9.9713039  575°44 
9.97i256#*575427 

9.97i2o89sS758Io 

9.971 161  9*  576193 

9  54601 1 

9.546347 

9.546683 

9.547019 

9*547354 

9.547689 

9.548024 

9.548358 

9-548693 

9*549027 

9,549360 

5  9.549693 
7  9.550026 

3  9*5  5  °3  5  9 
79  550692 

9.971113 
9.97 1065 
9.971018 
9.97097© 
9.970922 

9.970874 

9.970826 

9.970779 

9^70731 

9.970683 

9.576576 

9.576958 

9.577341 

9.577723 

9.578104 

9.578486 

9,578867 

9-579248 

9.579629 

9,580009 

9.580389 

9.580769 

9.581149 

9.581528 

9.581907 

9.55 10J4 
>^1356 
19.551687 
39.552018 
49.552349 

9.970635 

9,970586 

9.970538 

9.970490 

9.970442 

59.552680 

69.553010 

7  9-553341 
89.553670 

9  9.554°°" 
°9-554359 

9.970394 
9  97^345 

9.970297 

9.970249 
9.97020c 
9.9701 52 

9.582286’ 

9,582665 

9.583043 

9.583422 

9.583800 

9.584177 

Sine 

Secant 


10.028412, 

10.028460 


,  vy «  u,  u  *  v  1  "  /  /  » 

[O.425734  10.02^602 


IC.455675 

*0.455337 

10454999 

10.454662 

10.454336 


10  424956 


10.423424 

10.423042 

10.422659 

10.422277 

10.421896 


LO.028697 

10.028744 

10,028792 

10.028839 


10.453989 

10.453653 

10.453317 

10,452981 

ic.452646 


10.028887  10452311 
10,028935  10.451976 


10.028982 

10.029030 

10.029078 


10,421514  10.029  J  26 
10.421133  *0.029174 
10.420752  10,029221 
10.029269 
,10.419991110*0*9317 


10.41961 1110.029365 

iQ.4i923i|io.o294i4 

10.418851110.029462 
10  418472 
10.418093 


10.417754 

10.417335 

10.416957 

10,41657b 

10.41620c 

10.415823 


Tangent 


10.029558 

10.029606 
10.029655 
10.029703 
10.02975 1 
10.02980c 
10.029848 


10.45 1642 

10.45,1307 

10.450973 

10.450640  15 
10.450307  14 

10.449974  S3 
10.449641  12 
10.449308 


30 

29: 

2§ 

2? 

26 

*5 

24 

23 

22 

21 

2C 

19 

15 

17 

16 


10.448976 
10.448644 
10.448313 
IC.447982 
10,44765 1 


1 1 
10 


10.147320 

10.446990 

10.446659 

10.446330 

10.446000 

10.445671 


Secant 


4 

3 

2 

1 

o 


69  Degrees . 


(  400  ) 


A  Table  of  Artificial  Sines, 


li  Degrees 


cJ 

S= 

c~r 

ro 

IA 


o 

1 

2 

3 

i 

5 

6 


Sine 


Tangent 


9-5r)4329  9-970i52 
9.554658-  -  — 
9.554987 

9-5553*5 
9.555643 


9.970103 
9.970055 
9.97000  6 
9.969957 


9-5  5597 * 
9.556299 


7|9. 5  5  6626  9.9^98 1  ^ 
9.969762 
9.9697141 


9.584177 

9-5^4555 

9.584932 

9.585309 

9.585686 


9.969909 

9.969860 


9.55760619.969665 
9-557932  9.969616 
9.558258  9-969567 
9.558583 19-9^95 18 

9.558909  9-9^9469 


9.55923419*969420  9.589814 

9-5S9S58  9-96S’37°9-')90,8S 

9-i  59883  9.96932ib-S9°562 

9.560207  9-96927il9-590935 


8|9-55|5953 

9|9-55728o 

10 

11 

12 

13 

14 

*5 

16 

*7 

18 

19 

20 

21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


9.586062 

9.586439 

9.586815 

9.587190 

9.587566 


*0415823 

IO.415445 


Secant 


10.029848 

10.029897 


10415068J10.029945 

10.414691  10.029994 

ic.414314  10.030043 


10.41395s  *0.030091 

10.413561110.030140 


10.413185 

10.412810 

10.412434 


9.587941 

9.588316 

9.588691 

9.589066 

9.589440 


so.412059 

10.411684 

10.411309 

10.410934 

10.410560 


9.56053119*969223 


9.560855  9*969173 
9.56 1 178  9*9^9t24 
9.561501  9-969°75 
9.561824  7-969025 

9.5621469.968976 


9-59  i3°8 


10.030189 

10.030238 

10.020286 


10.445671 
10.445342 
to  445013 
10.444685 
ic.444357 


10.030335 

10.030384 


10.444029 

10.443701 

10.443374 

10.443047 

10.442720 


10442394 

10.442068 


10.030433J10.441742 
10.030482J10.441417 
10.030531110.44109 1 


60 

59 

58 

57 

56 

55 
54 
53 
52 
5 1 
5° 
49 
48 

47 

46 


10.410186 

10.409812 

10.409438 

10.409065 

10.408692 


9.591681 

9  5920$4 
9.592426 

9.592798 
9-593*70 
9462468I9.968926I9.593542 
9.562790  9.968877  9.593914 
9.56302  9.9688279.594285 
9. 5  6  343  3|9*968777j9. 5946$  6 
9.5  63755  9-968728  9.595027 
9. 5  6407519^96867819.595397 


Sine 


10.408319 

10.407946 

10,407574 

10.407202 

10.406830 


10.406458 

10.406086 

10.405715 

10.405344 

10.404973 

10.404603 


10.030580 10*440766 
10.030630 10.440442 
10.030679  10.4401 17 
10.030728 10439793 
iq.Q3°777  10.439469 

10.030827!  10,43  9 1 45 
10.030876!  10.438822 
10.030925I10.438499 
10.030975 


10.031024 


45 

44 

$ 

42 

41 

40 

39 

381 

37 


10.43817 6 

10.4378541^ 


10.031074 

10.031123 

10.031173 

ic.031223 

10.031272 

ic.031322 


Tangent 


10.437532  85 
10.437210  34 
1 0.436888)5  3 
10.436566^2 
10.43624581 
10.435925  8° 


Secant 


3 

p 

r-f 

O 

l/» 


58  Degrees 


Tangents  and  Secants* 

— - - 

( 401 ) 

21  Degrees . 

....  •  t-  7 

3C 

V 

32 

33 

34 


37 

36 

37 
3‘a 
39 


40 

41 

42 

43 

44 


Sine 


Tangent 


9. 564075  9.9686789*595397 
9.564396  9.96862S  9* 5957^-' 
9.564716  9.968  5  78|9e  59^  *  38 
>565036  9,968528:9*596508 
9,565  356  9  968478, 9-596*78' 


9*565676 

9.  y 65995 


9.566314  9,968328. 
9.566632  9.968278 
>56695  j  9.96822" 


9*568855 
>$69172 
9.569488 
489.569804 
49 


45 

46 

47 


5° 

51 

52 

53 

54 


55 

5£ 

57 


9.9684299-597247 

9-968379'9-5976i6 


9-  6979S6 

94598354 

>598722 


n.v 


9.56726, 

9.567587 
9-  567904 
9.568222 

9-5685399.96797/ 


'9.968178  9- 59909 1 


Secant 


iQ.404603S10.03 1 322 
10.404232110.031372 
10.4038621 10.03 1422 
1 0.40 3 49 2|  40.031472 
10.403122  IO.031521 


IO.402753  IO.03I57I 
10  402384  10.031621 
10.40201 5  j  10.03 1672 
10.401646  10.031722 
10.401278  10.031772 


10.435925  3° 
10.435604 
10  435284 
10.434964 
10.434644 


^,68128  9.599459 

9.968078  >599827 

9.968027  9‘°OOI94 
9. 630562 


9.967927  9-600929 
9.967876  9-601296 
9.96782c  9  601662 
9.96777 5  9  602029 
9  570120  9.967725  9*602395 

90602761 


9-570435 

>57075* 

9,571066 


9.967674 

9.967623 

9.967573 


9.571380  9.967522 


9.57*695 


9.572009 

9.572323 


9.967471 


9.967420 

9-967370 


.031822 
ic.  31872 

10.03  Ip‘25 

*0.031973 
iO.032023 

iO.399071  IO.032073 


10.400909’  10 
10,400541 
10.400173 
10.399806 
*0-399438 


9.033127 

9.603493 

9.603858 

>604223 


9,604588 

9.604953 


9.572636  9-967319  9-605317 


589.572949*9. 967268 


9.6056 


5^9.573262  9.967217 9*606046 


6°  9-573575 


9.967166 


Sine 


O  ^ 

o2 


10.398704 

io-398  338 

-•39797* 
IG.  §97605 


*0-3972.39 

19.396873 


10.032124 

IO.O32174 

10.032225 

10.032275 


IO.434324 

I.O.434OO5 

IO.433686 

10.433368 

10433049 


29 

28 

27 

26 


25 

24 

23 

22 

21 


10432731  20 
10.432413  19 
10432096  18 
■0.431776  r 7I 
10431461  16 


10431145 

10430828 

30430512 

10.430196 

10.429880 


10.032326- 

10.032377 


>6cD4iO 


^0.396507  10.03x427 
10  396142I10.032478 
10495777  *0.032529 

10.395412110.032580 
10.395047110.032630 
10.3.94683  10.03268  i 
10.3943*8  *0.932732 
*0-393954  10.032783 
10493 5 9°| *°.° '2834 


10.429565 
10.429249 
10428934 
10428620 
10428305  _6 


l5 

j-4 

*3 

12 

1 1 

10 

9 

8 


10.127991 
10427677 
10427364 
10.417051 
104, 26738 
10426424!  o] 


5 

4 

3 

2 

1 


Tangent 


Secant 


t?*. 

r~*  • 

r> 

C 

a 

\f> 


68  Degrees, 


r* 

O 

^5- 

A  Table  of  Artificial  Sines, 

22 

Degrees 

2 
r-»  • 

=3 

c 

r*r 

Xf* 

| 

]  Sine 

| 

Tangent 

Secant 

o 

1 

2 

3 

4 

9-57357S 

9.573888 

9.574200 

9-574512 

9.57482  >. 

0.967106’ 

9.967115 

9.967064 

9.967012 

9.966961 

9.606400 

9.606773 

9.607137 

9,607500 

9^607863 

0.393590 

10.393227 

10.392863 

10.392500 

10.39*137 

10.032834 

10.032885 

10.032936 

10.032987 

10.033039 

10.426425 
10.426 112 
io  42580c 
10.425488 
10.325176 

10.424884 

10,424553 

10.424242 

10.423931 

10.423621 

60 

59 

5.8 

>7 

56 

5 

6 

7 

8 

9 

.10 

1 1 

12 

jl3 

1 1 4 

9-575  5  36 
9-575447 

9-575758 

9.576068 

9.576379 

9.966910 
9.966859 
9.966807 
9.966756 
9.966  70s 

9.608225 

9.608588 

19.608950 

9.609312 

9.609674 

10.391775 

10.391412 

10,391050 

10,390688 

10.390326 

10.033090 
10.033 14 1 
10.033192 
10.033244 
10.033295 

55 

54 

53 

52 

9.570689 

9.576999 

9.577309 

9.577618 

9.577927 

9.966653 
9  966602 
9.966550 
7.966499 

9.966447 

7.610036 
9.610397 
9.610759 
9.61 1 1 22 
9.6 1 1480 

10.389964 

10*3896:3 

10.389241 

10.388880 

10.^88520 

10.033347 
10.033398 
10,033450 
10.03  3  50 1 
10.033553 

10.4233 1 1 
10.42300 1 
10.422691 
ic.422382 
10.422072 

50 

49 

48 

47 

46 

Jl5 

I  r  6 

7 

JiB 

l  9 

9.578236 

9.578545 

9-578853 

9.579^62 

9.579469 

9.966395 

9.966344 

9.966292 

9.966240 

9.966188 

9.61 1841 
9.612  01 
9.612561 
9.612921 

9.613281 

10.388159 

10.387799 

10.387438 

10.3S7079 

10.386719 

10.033605 

10.033656 

10.033708 

10.033760 

10.033812 

'10*421764 

10.421455 

10,421146 

10,420838 

10,420530 

45 

H 

43 

42 

4i 

120 
pr 
■  22 

I2  3 
J24 

9.579777 

9.580084 

9.580392 

9.580699 

9.58100s 

96*661 36 
9.966085 
9.966033 
9.965981 
9.96592^ 

9.61 3641 

9  614000 
9.614359 
9.614718 

9.61-5077 

10.386359 

10.386000 

10.385641 

10.385282 

10.384923 

10.033863  ; 0.410223 
10.033915  10.4 1 99 1 5 
10.033967.10.459608 

I0.0340f.9:i04t930i 

10.034071J0.41899J 

40 

39 

38 

'37 

36 

I25 

125 

127 

128 
J29 
13° 

9.581315 

9.581818 

9.581924 

9.582229 

9.582534 

9.58284c 

9.96587^ 

9.965824 

9.965772 

9.965720 

9.965668 

9.96*615 

9.615435 

9.615793 
9  616151 
9.616509 
9.616867 
9.617224 

10.384565 

10.384207 

10.383849 

10.38349! 

10.383x38 

10.382776 

10.034124 

10.034176 

ic.034228 

ic.034280 

10,034332 

10.034385 

10.418688 

10.418382 

10.418076 

10.417771 

10.41 7465 

10.417160 

35 

34 

33 

32 

3i 

3p 

Sine 

Tangent 

Secant 

1 

& 
»— *  * 

c 

f? 

</> 

67  Degrees 

Tangents  and  Secants. 


( 40? ) 


•21  Degrees, 


•tf^ 

3* 

C 

rr 

ft) 

to 


3° 

32 

) 

33 

34 

35 

36 

37 
3S 
39 
'40 

41 

42 
4-3 
44 


Sine 


9-58284$ 


9^96561 


9-583144  9.96556; 
9.58344919*965511 

^583753b*  965458 
9958403 8'9  965406  _ _ 

9  58T36T 9.965353  9*6 '9™ 8 

9.584565  9.9653d  ^  619364 

?. 584968  9.965248,9*619720 

9.965. •95:9*620076 


9.587988  9-9647*9? 623269 


45 
46j 

47 

48  9.588289 

49  9.588590 

5° 

51 

52 

53 

54 

55 

56 

57 
53 

59 

60 


9.590387 

9.590686 


9. 5;  9 1 2  S 


Tangent 


7.617224 
9.617581 
7.617938 
9-61829  # 
9.618652 


9.585272 
9-585574  9  96>  i43 
9.5858779  96509 
9.586179  9-965037 
9.586482  9-964934 

9.586783  9.96493  ‘ 
74587085  9*964878 

9.587386  9.964826 

9.587688  9.964773 


9.964666 


9.5888909.964560 
•>.589190  9-96450? 
9.589489 
9.589789 
9.590088 


9.9644009-625388 
9.9643479-625741 

94642949  626093 
|7.  ^ 9.96424o'9-62644S 

9. 5  90984  9.964 1879-626797 


9.620432 


9.620787 
9.621 142 

9621497 

9,62x852 

9.622207 

9.622561 

9.622915 


*0^382776 


Secant 


>0.034385 
10.382418  1Q-°34437 
10.382061  io.034489 
10.381705  10.034542 
10*381  348  10,034594 


10.380992 
io  380635 
10.380279 


i  0.034647 
10.034699 
10.034752 


10.379924  10.034805 


1 0.379568 


9  623623 


9.9646139-623976 


9.624330 
9.624683 
9.9644549*625036 


19  9641349.627149 


9.59 1  5.80  9.9640809.627501 


9.591878 


9.9640269.627852 


Sine 


10.379,13 

10.378858 

10.378503 

10.378148 

10.377793 


lo,  377439 
10.377085 
10.376731 
10.376377 
10.376024 


10.375670 


10.034857 

1  Oio  3  4  9 1 0 
IO.O34963 
IO.035OI6 
10.035069 
10.035221 

10,035174 
t  O.O35227 
10*035280 
IO.O35333 
IO.035387 


10.03544c 


! 9*3753 *7  IO-°3 5493 
*0-374964  10.035546 
10  374612  10.03560c 
i  °.  %  742  5  91  io.°3  505  3 
10.373907 


10.3755  55 
10.373203 


10.03570' 

10.03576c 

10.035813 


10.372853110.035867 
10-572499  10,035920 
10.372148110.0^5974 

Tangent 


10.417160  3° 
10.416855  29 
10416551  28 
10416246 
1041 5942 


10.41 5638 
1 0.415335 
1041 5031 
1041472! 
10.414425 


10.414123 

10413820 

ic.413518 

10413216 

IQ. 412915 

£^.412613 

10412312 

10412011 

to4n7ll 

iO.4i.Hl0 


*r 

26 


25 

24 

23 

22 

21 

20 

19 

l8 

17 

16 

*5 
H 
«3 
I  2 
!  I 


I0.4i  1 1  IO 

104108 10 
10.430511 
10.41021  i 
f  O.4099 1 2 

IO.209613 

10469314 

10.409016 

IO.408718 

IO.408420 

IO408122 


Secant 


10 

9 

§ 

7 

6 

5 

4 

3 

2 

i 

o 


3 

e 

S 

V* 


6  7  Degrees . 


j  Minutes  \  ° 


(  4°4  ) 


A  Table  of  Artificial  Sines, 


2,3  Degrees 


1 

2 

3 

4 

5 

6 

7 

8 


Sine 


‘Tangent 


•  $9i^789*964r)269-6a78') 


9-59^*75 
592473 
v- 5  9*77° 

9.593067 


Secant 


9.963972 

9.963919 

9.963865 

9.963811 


!0 
I  1 
12 
*3 

*5 

16 

1 7 

18 

*9 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


9.593363 

9-593659 

9-593955 

9-59425i 

9-594547 

9-594845 

9-595*37 

9-595432 

9-595727 

9.596021 


9-96375'; 


0.372148 
9.628203  ‘0.37 1797 
9.628554  10-37*446 
9.628905  ie.37 *°95 
9.629255  10.370745 

9.629606  10.370394 


9.963704  9.629956 


<9.963650 

9.963596 

9.963542 


9.596315 

9.596609 

9.596903 

9.597196 

9-59749° 


9.597783 

9.598075 

9.598368 

9,59866c 

9,598952 


9.630306 

9.630656 

9.631005 


9.963488 

9963434 

9.963379 

9.963325 

9.963271 


9.631354 

9-631704 

9.632053 

9.632401 

9.632750 


10.035974 

10.036028 

10.036081 

10.036135 

10.036189 

10.036243 


10.370044  10.036296 
10.369694  10.036350 


10.369344 

10.368995 

10.368646 

10.368296 

10.367947 

10.367599 

10.367250 


s.  0.03  64  04 
10.036458 


10.408122 

10.407825 

10407527 

10.407230 

10.406933 

10.406637 

10.406341 

16.406045 

10.405749 

10.405453 


9.963217  9-6'33°9^ 
9.9631629-633447 
9.9631089-633795 
9.963054  9*634143 

9.962999^-634490 


9.962945 

9.96289c 

9.962836 

9.962781 

9.962727 


9.599244 

9*599536 

9.599827 

9.6001 18 
9.6004C9 
9.60070c 


9.634838 

9 635185 
9.635532 

9.635879 
9.636226 

9.962672  9*^572 

9.9626i79*^69i8 


9.962562 

9.962508 


9  637265 
9.637611 


9-96H5?s-6^^5 

9.962393 


10.036512 

IO.O36566 

10.036621 

IO.O36675 

10.036729 


10.366902 

10.366553 

IC.3662Q5 

IO.365857 

10.365510 


IO.365162 

10.3648*5 

IO.364468 

I0.364t2I 

10,363774 


Sine 


10.363428 

10.363082 

10.362735 

10.362389 

10,362044 

10.361698 


10.036783 
10.036838 
10.036892 
10.036946 
1 0.03  7001 

10.037055 

10.037110 

10.037164 

10.037219 

10.037273 


10405158 

10.404863 

10.404568 

10.404273 

10.403979 

10.403685 

10.403391 

10.403097 

10.402804 

10.402510 


60 

59 
5 
57 

15 

55 

54 

53 

52 

52 

5° 


49 

48 

47 

46 


10.037328 

10.037383 

10.037438 

10,037492 

10.037547 

1C.037602 


0.402217 
10.401925 
10.401632 
10.401340 
10,401048136 


45 

44 

43 

42 

11 

40 

39 

38 

37 


Tangent 


10.400756.35 
10.400464  34 
10.400173:33 
10.39988232 
10.399591  3* 

io.?993oo'3o 


I? 

j  Secant  j 1 


n 

«/j 


66  Degrees 


r 


Tangents  and  Secants 


(  4°  5  ) 


2 
*-*  * 
3 
C 

cf 

n> 


3° 

3* 

32 

33 

34 

35 


2  3  Degrees 


Sine 


Tangent 


9.600700 

9.600990 

9.601280 

9.601570 

9.601860 


y.962398 

9.962343 

9.962288 

9.962233 

9.962178 


9.602149 
3619.602439 
37I9.60I728 
38:9.603017 
39*9.603305 

40 


9.638302 10.361698:10.037602 

9.638647  10.361353  10,037657 
9.638992  10.361008  10.03771: 


9.962 1 23 
9.962067 
9.962012 
9.961957 
9.961902 


Secant 


9.6393371c. 360663 

9.639682  10.3603 18 


10.03776/ 

10.037822 


9.640027  10.359973  10.037877 
9.640371  10.359629  10.037935 
9.6407 16  ir.359284'10.0379^8 

9.641060 10,358940  50.038043 
'9.641404  ip.358596iio.Q38o9^ 


14 1 

4* 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


9.603594 

9.603882 

9.60417c 

9.604457 

59.604745 


9.605032 

9.605319 

9.605606 

9.605891 

9.606179 


9.606465 
9.60675 1 
9.607036 
9,607322 
9.607607 


9.607892 

9.608176 

9.608461 

9.608745 

9.609029 

9.609313 


9.961846 

9.961795 
9.96 1 735 
9.961680 
9.961624 

9*96  ^569 
9.9615 1  5 

9.96145^ 

9.96H02 

9.961346 


9.641747  10.358253  10.038154 
9.64209r)io.2  579O9'l0.o  38209 
9.642434*10  357566,10.038265 
9.642777  10.3  5  7223  40.038  3  20 
9.64312050.356880  10.038376 

9.543463  10.3565  3710.038431 
9.64380610.356194  10.038487 
9.644 148' 10. 3  5  5852  10.038542 
9.644490^10.355510  10.038598 
9.644832IC.355168  10.038654 


9.961290 

9.961235 

9.961179 

9.961123 

9.961067 


9.961011 

9.960955 

9.960899 

9.960843 

9,960786 

9.960730 


10.399300 

10.399010 

10,398720 

10.398430 

10.398140 


10.39785* 

10.397561 
10.397272 
10.396983 
ic. 396695 

10.396406 

10.3961 18 
10.395830 

10.395543 

10.395255 

10.394968 

10.394681 

io.3943?4 

10.394108 

10.393821 


3o 

29 

28 

27 

26 

25 

24 

23 
2  2 
21 

20 

19 

l8 

17 

16 


9.6451741,10.354826  10.0387*0 


9.6455  164O.354484 


9,645857 

9.646199 

9.64654O 


IO.354143 

IO.35380I 

20.353460 

IO.253II9 

10,352778 

IO.352438 

jIO.352097 


9.646681 
9.647222 
9.647562 

9.647903 
9.648243110,351757 
9.648583  IO.35  X417 


Sine 


Tangent 


ic.038765 

10.038821 

10.038877 

IG. 038933 


10,038989 

10.039045 

IO.O39IOI 

IO.039I57 


ic-393585 

10,3932-49 
ic. 392964 
10.392678 

10.392393 


*5 

*4 

13 

12 

II 


IC 

9 


310.392108 

10.391824 

10.391539 

10.391255 


io.0392i4!ic*39°974 

10,059270  i°«39°^87  o 

'g 


Secant 


t3 

P 

ft 

CD 


6*5  Degrees , 


C  c 


(  4°^  ) 


A  Table  of  Artificial  Sines, 


24  Degrees 


Sine 


59.6093 13 

^9.609597 

29.609S80 
2  9.6 10163 
49.610446 

“^9.610729 
59061 1012 
79„6m?4 
29^11576 

99.611858 

^>9.612140 


9.960730 
9.96067  4 
9.96061  b 
9.960561 
9.960505 


Tangent 


’« 1 

12 

*3 

1 


Secant 


9-61242 
9.61270 
^  90612983 
49.613264 

^9.613545 

16  ^*61 3825 

1 7  9.614105 

18,9-614385 

55,9.614605 

20  9*  4944 

21.9.615223 
229.615502 
239.615781 
249.61606c 

25  9.616338 
269.616616 


9.648583  10.351417 
9^648923  10.351077 

9.649263  10.350737 
9.649602  40.350398 
9*649942  10.35005S 

9.960448  9.65028i!fo.3497i9 
9.960392  9.65062°  10.34938c 
,9.960335  9.650959 10.349041 
'9.960279  9-6$  I2p7  10.348703 
9.960222  9,651636  10,348364 

9.960165  9-651974  10,348026 
9.960109  9.652312  10.347688 
9.96°Q52  9.652650 10,347350 
9.652988  10,34701 2 
10.346674 


9*95999$r  -  -  . 

9-9599j8  9.653326 
9,959881 
9,959825 
9.959768 
9*95971* 

9-959653 

9.959596 


9.653663 
9.654000 
9.654337 

9.654674 
9*6550*1 
9.655348 

9^9595399.655684 


9.959482 

9.959425 

9.959367 


9.95931c 

9*959^53 

279.6x68949.959195 


■2819.617*72 

299.617450 

30:9,617727 


9^959 1 38 

9/959085 

9-959o23 


9:656020 

9.656356 

0.656692 

9.657028 

9.657364 

9.657699 

9.658034 

9.658369 

9.658704 


Sine 


10.039270 

10.039326 

10.039382 

ic.039439 

ic.039495 


10,346337 
10,346000 
xo. 345662 
io.345326 
10.344989 

10,344652 
10.3443 16 
10,34398c 
10.343641 
10.343308 


10.639552 

10.039608 

10.039665 

IC.039721 

10.039778 

10.039834 

[0.03939 

10.039948 

IO.C40005 

'0,040062 


•  0.390687  60 
1 0.3  90403' 5  9 
10,390120  58 
10,38983657 

10389553^6 

0 


10.0401 18 
10.040175 
x  0.0402  3 
10.040289 
10.040346 


10.38927*155 

10.388988  54 
*0,388706:53: 
10.388424  52 

10.388 142*5 1 


10.387860) 

10.387579 
xc.  387298 
10.387017 
*0.386736 


10.040404 
*0.040461 
1 0.0405?  8 
10.040575 
10,040632 


10,342972 
10.342636 
IO.3423O  V- 
10.341966 
10.341631 
10.341296 


Tangent 


10.040690 
ic.040747 
1 0.040  8  05 


10.386455 

10.386175 

fO.385895 

.0.385615 

*0^5335 

10.38595^ 

10.384777 

10.38449^ 

10.3842 19 

10:38394° 


ic. 


10.383662 
10.383384 
10.383  io6 
040&62  id  382828 
10.382550 
1^.382273 


10.040919 
10  040977 


Secant 


50 

49 

48 

46 

45 

44 

43 

42 

41 

40 

39 

3B 

p 

35 

34 

?3 

32 

3* 

3° 

a 

*->  • 

c 

r-r 

O) 

CA 


6%  Degrees . 


Tangents  and  Secants 

( 407 ) 

24.  Degrees 

c 

Sine 

Tangent 

! 

Secant 

30:9 -6.  77*7 
3i'9‘6i8oo4 
2S,9. 61828  I 
3319*618558 
5419,618854 


A  < 


35!9*6iyi 
36|9?6 1 93  8e 
57I9.61966 
389.6x9938 
39|9*6  t02 
40 


9.95902 
9.958965 
9.958908 

9-958850 

9.958792 


9-9587U 
'9.958677 
9.958619 
9.95856 
.958503 


9.62048 
9.620763 
9.621038 
9.621313 
9.62158, 


?-958445 


10.340961 

10.340627 

10,340292 

10,339958 


to.040977jlc*3^2273pc 

10.041035:10.381996  29 

10.041092  10.38 1719  28 
10.041 1 50, 1  °*  3^  144*|27 

10.041208  10.381 166J26 


9.660376,10.339624  10.04126610.380890  25 

9,6607io:io.33y290|  10.041 323  10.380654  24 
9.66  l043.ic.338957)  io.o4i38irIO*3o0338|2‘ 


9.661377 10.338623:10.041439 
9.661710 10;  338290'  10,041497 


10.380062  22' 
10.389787121 


9,662043  10.337957  10.041555 


.958387  9. 66*2376  10,237623  10.041613 
9.9583299,662709  10  337291  10.041671 


9.621861 

9.622135 

9.622409 

9.622682 

9.622956 


9.95827 

9.958212 

9.958154 

9.958096 


9.663042  10.336958  10.041729 
9.66337410.336625  10.041788 


i°*3795i12|2 
10.379237  19 
10.378962!  18 
10.378687I17 
10.3784138 16 


9.623  ^29 
9.623502 

9.623774 

9.624047 

9.6243 


9.663707  10.336293  10.041846 
664039:10.33596  i’io.o4I9°4 
.66437 1U0.33  5629,10.041962 


9.6640 

9.9580389.6643.  ^  , 

9.957979  9*6647°3  10.335297^0.042021 
9.95792  1  9.66503$  1c.334965l10.Q4  2079 

9.957863  9.665366  10.334634Uc.042 1 37 
9.957804  9.665697^  10,33430311 0,042196 
9.957746  9.666029U0.3 3397  di 0.0422 54 
9.957687  9.666360 ^0.333640  10.0423 1 3 


9.624591 

9.624863 

9.625 135 

9.625406 

9.625677 

9.625948 


9.957276  9.668672  j 0,3 31327 


IO.378139 

IO.377865 

10,377  59 1 

10.377318 

10,377044 


*5 

14 


1C 


9.957628  9.66669 ijl0,333309|i 0.042372 
9.95757c  9*66702 x|  103 399 7 9j  10.04 243° 


10.376771 
10,376498 
10.376226 

10,3759531  7! 

10,3756811  e 


13 

12 

11 


z  /  ->  -  *  ^  9  *  *  -  t  ^ 

9.957511  9*667352Uo*332648jxo.o42489  -■  '0>- 

9.957452  9.667682^0^32318:10,042548  10.374805 


10,375409!  5 
10.375 1 37|  4 
q 


9-957393  9.668oi3,1o.33i987iio.c426o7|IO*37459;4>  5 
9*957335  9*^6S343il0.^3 1 65 7I10.04266 5!  1C*3743 i 


Sine 


10  0427241  l0*374Q5?f|  < 


Tangent 


Secant 


r 

J 


65  Degrees, 


Q  c  4 


i  in  i  ni  Hf  mii  ■  mr  wii  r"—-  lNI  iia.p.i^nrn  it — - 

(  408  )  A  Table  of  Artificial  Sines, 

25  Degrees 


Hpf 

Si 

*-*• 
3 
C  . 

! 

0> 

W) 


Sine 


09.625948  9.957276 


r*1 


9.628647 

9.62S916 

9,629184 

9,629453 

9.62972 


,  9.6  6210 
<2  9.62649 

2  9.6297  60 
^9.627030 

^9. 02730C 

69-62  757 

7-9.62784° 

g'9.628109 

99.628378 

10 

1 1 

12 

13 

H 

159-620989 

169.630257 
479.630524 
18  9-630792 
199,631059 

20^9.631326 

2j|9-^3  *  S'93 
22^9.631859 
2359.632i  25' 

24^9.632392 
25  9.632658 
269.632923 

279.633189 

28 

29 

30, 


9? 


9.957217 

9.957*58 

9.957099 

9.9:7040 


668672 
9.669002 
9.669332 
9.669661 
9.669991 


Tangent 


9.9569819-670320 
9.  56921  9-670649 
.9568629-670977 

9.671306 

9.956744  9*67 1634 

9-671963 

9.67229 
9.672619 


9.956684 
9.956625 
9.956566 
9.9565069.67294* 


9.673274 


9-956447 
9.956387 
9.956327 

9.95626819.674257 
9.956208 9-674584 
9.956x48  9.674910 
9.675237 


10.330998 
10.330^ 


n 


1  o*3?  6009 


50.32968 

10.3  9 3 5 1 

10.329023 


10.327381 


10.3: 


xo.326726 


5.9^6089 

9.956029 

9.955969 

9.955909 

j.9^849 


9-955789 

9-955729 

9.955669 


9- '7554 

9.67589O 

9.676216 
9-  76543 
9.676869 
9.677194 

9.677520 


6334549-9.55609197677846 


X0.32443^ 


IO.323457 


9.633719 

9,633984 


9.955548 

9.955488 


Sine 


9.678171 

9.678496 


10.323 13 1 
10.322806 
xo.322480 
10.322154 
10.321829 
10.321504 


Tangent 


Secant 

10.042724 

10.374052 

60 

:  O.O42783 

10.373781 

59 

IO.O42842 

x°.3  735-10 

58 

10.042901 

10.37324057 

IC.O42960 

10,372970*56 

IO.O43OI9 

10.372700^5 

IO.O43078 

l0-3  7  24  J°is  4- 

IO.O43I38 

I0.372l60 

*53 

IO.O43  I97 

10.371891  k‘2 

IO.O4325O 

10.371622 

IO.O43316 

xo*  3  7 1 3  5  3!  50 

10.043375 

10.371084 

49  j 

10.043434 

,10.370815 

48 

iO.043494 

10.370547 

471 

>  0-04355  3 

1x0.370279 

46 

IO.O436I3 

10.37001s 

IO.O43673 

10.369743 

44 

x  0.0437  32 

10.369476 

43 

10.043792 

xo.369208 

42 

>  10.043852 

10.368941 

4i 

10.04391 1 

10.368674 

40 

10.043971 

10.368407 

39 

10.044031 

10.368141 

38 

10.044091 

10.367874 

37 

10.044151- 

10.367608 

36 

10.044211 

10.367342 

35 

10.044271 

10.367077 

34 

10.044331 

10.366811 

33 

ro.o4439T 

10.366546 

32 

1C.044452 

10.366281 

3i 

10  0445 1 2 

10.36601 6 

30 

1  "  » 

Secant 

s 
>— *  • 

D 

$= 

rt 

O 

in 

— — 

$4  Degrees. 


Tangents  and  Secants.  (  4 °9  ) 


25  Degree h 


(Minutes 

Sine 

Tangent 

Secant 

3° 

31 

32 

33 

34 

9.633984 

9.634249 

9.634514 

9.634778 

9.635042 

9.955488 
9.955428 
9.955  368 
9.955307 
9.955247 

9.678490 

9.678821’ 

9.679146 

9.679471 

9.679795 

10.321504 

10.321  T  79 

IO.320854 

10.320529 

IO.3202O5 

10.044512 

10.044572 

10.044632 

1 0.04469  3 
10.044753 

10.366016 

10.365751 

10.365486 

10.365222 

10.364958 

30 

29 

28 

27 

26 

2? 

24 

23 

22 

21 

20 

*9 

18 

17 

16 

35 

36 

37 
33 
39 

9.635306 

9*^3557° 

9.63583^ 

9.636097 

9.63636c 

9*955*86 

9.955I26 

9*955o65 

9.955005 

9-954944 

9.680120 

9.680444 

9.680768 

9.681092 

9.681416 

IO.3I9880 
IO.319556 
IO.3I9232 
10. 3 1.8908 
IO.318584 

10.044814 

*0,044874 

10.044935 

10.0440QC 

10.045056 

10.364694 
10.36443c 
10.364167 
1:0.363903 
10.363  640 

40 

41 

42 

43 

44 

9*636623 

9.636886 

9.637148 

9.637411 

9.637673 

9-954883 

9.954823 

9-954762 

9-954701 

9-954640 

9.681740 

9.682063 

9.682386 

9.682710 

9.683033 

IO.3S826C 

10.317937 
IO.317614 
IO.31729C 
IO.3 16967 

*0.045117 
10.045 177 
10.045238 
10.045299 
10.045360 

10.363377 

10.363114 

10.362852 

10,362589 

10.362327 

45 

46 

47 

48 

49 
$0 

5* 

52 

53 

54 

9.637935 

9.638197 

9.638458 

9.638720 

9,638981 

9-954579 

9-9545i8 

9-954457 

9-954396 

9-954335 

9.683356 

9.683678 

9.684001 

9.684324 

9.684646 

IO.316644 

IO.3I6322 

I0.fl5999 

lO.gl  5676 
IO.3I5354 

10.045421 

10.045482 

10.045543 

10.045604 

10.045665 

10.362065 

10.361803 

10,361541 

10.361280 

io.36?ci9 

*5 , 

14 

*3 

12 

11 

9.639242 

9.639503 

9.639764 

9.640024 

9.64028^ 

9.954274 

9.954213 

9.954*52 

9.954090 

9.954029 

9.684968 

9.6S5290 

9*685612 

9.685934 

,9.686255 

IO.3I5O32 

IO.3147IO 

10.314388 

IO.3I4066 

IO.3I3745 

ic.045726 

10.045787 

10.045848 

10.04591c 

10.045971 

10.360758 

10.360497 

10.360236 

10.359976 

10.3597*6 

iO 

9 

8 

7 

6 

1 

4 

3 

2 

1 

0 

?— *  •  , 
a 

iz  .  '- 

rt 

55 

56 

57 

58 

59 

60 

9.640544 

9.640804 

9.641064 

9.641323 

9.641583 

9.641842 

9.9539689.686577 

9.953906*9.686898 

9-953845I9-6872I9 

9-953783:9-687540 

9-953722'9.68786i 

9,953660*9,688182 

£0.313423 
IO.3  I3IO2 
£0.312781 
IO.312460 
10,312139 
IO.3H818 

10.046032 

10.046094 

10.046155 

10.046217 

10.046278 

10.046340 

10.359456 

*0.359196 

10.358936 

10.358677 

xc.3^8417 

10.358158 

Sine 

Tangent 

Secant 

in 


64  Degrees , 


<410  ). 


A  Table  of  Artifii  ial  Sines, 


2 6  Degrees 


ry 

a> 

m 


5 

6 

7 

8 

9 

10 
1 1 
12 

I? 

*4 


Sine 


Tangent 


>.641842,9.953600 

>.64210119.953598 
9.642360:9.953537 
9.642618:9.953475 
9^642876)9^53413 

7. 64  3 1 3  5 :9. 9^  3  3  5 1 J9 .689783 

9.6433935:9.953*90^9.690103 


9.6881 82 
9.688502 
9.688823 
9,689 143 
'9.689463 


15 

16 

17 

18 

19 

20 

21 

22 

23 

24 


,.64  >650  9,953228 
9.643908  9.953166 
9.644165  9.95  3104 

9.953042 
9-95*980 

9^9529*7 

9^952855 


9.644423 
9.644680 
y*s  4996 
9.645193 

9^45450 

9*645706 

9.645962 

9*646218 

9.646473 

9.646729 

9.646984 

9.647239 

9*647494 

9.647749 

9.648004 


9.690423 

9.690742 

9.691062 

9.691381 


9.952793 


0.309897 

10.309577 

10.309258 

10.308938 


10.308619  046958 

9.691700  1C,  308300  10.047020 
9.692019  10.307981  10.047082 
9<69233blio, 307662  10.047145 
9,692656  10.307343110.047207 

10.047269 


Secant 


10.311818 10.046340 
10.31 1598  10.04640 1 
10.311177 10.046463 
10.310857 10.046525 
10.310537 10,046587 

10.3 102 1 7 10.046648 


10.358158 
10.357899 
10.35764c 
10. ;  5  7  3  8  2 
10.357123 


10,046710 

10.046772 

10.046834 

10.046896 


10.356865 

10.356607 

10.356350 

10.356092 

!G.355835 


10.5 


25 

26 

27 

28 

29 

30 


9.64825? 

9.648512 

9.648766 

9.649020 

9.649274 

9.649527 


9*9527319.692975  10.307025 
9.952668  9.693293  10,306707 
9.9526069.693612*10.306388 
9*95  2544  9.6939  30' 10,306070 
9?9  52481  9.694248  1030  5 jj2 
9.952419  ^694566  10,205434 
9*9523569.694883  10.305117 
9*952294  9.695201  10.304799 
9.952231  9.695518  10  304482 
9.952168  9.695835  10.304164 


9.952105  9*696153  10.303847 
9.952043  9.696470  ? 0.303530 
9.952980  9.696786  10.303213 
9.952917  9.697103  10.302897 
9.952854  9.697420  10.302*80 


ic.047331 

ic.047394 

£0.047456 

10.047519 


10.04758 
10.047644 
10.047706 
10.047769 
ro.047832 


9.95279*  9.697736 


Sine 


10.302264 


Tangent 


10.047894 

10047957 

ic.048o20 

10.04808^ 

ic.048146 

10.04820 


55577 

10.355320 

°*355°6  j 

0.354807 

°*35455° 


60 

59 

58 

57 

56 

55 
54 
53 
5 2 

51 

5° 

49 

48 

4-7 1 

46 


0.354294 

10,354038 

0.353782 

10.35352^ 

■0.353271 


4C*35  30 s 6 
10.352760 
IO.352505 
IO.352251 
so.351996 


10,351742 

10.351488 

10,351233 

10.350980 

10.350726 

10.35047 


Secant 


45] 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 
34 
3  3 
3  A 
3! 
30 


3 

c 

«• 


63  Degrees 


Tangents  and  Secants. 


(4n  > 


2  6  Degrees 


3° 

31 

32 

33 

34 

35 

36 

37 

38 

3y 


4c 

41 


Sine 


9.649527 

9,6497s  1 

9.650034 

9.650287 

9.650539 


9-650792 
9.65 1044 
9.651297 

9.6^1549 

9.651800 

9^652052 

9.652303 


Tangent 


9.951791 

9.951728 

9-95i665 

9.95 1602 

9-9^539 

9.951476 

9.951412 

9-951349 
9.951286 
9*9f»  1 222 


9.697736 

9.698053 

9.698369 

9.698685 

9.699001 


42|9-652555 

9.652806 

9.653057 


45 

46 

47 

48 

49 

5° 

5 1 

52 

53 

54 

55 

56 

57 

5S 

59 

60 


9-95  1 1S9 
9.951096 
9.951032 
9-95C968 

9-950905 

9.950841 


9.653307 

9-653558 

9.653808 

9.654059 

9.654309, 

9-6  54558  9-950522 


9.950650 

9.950586 


9.70372 


9.654808 

9.655057 

9.655307 

9-655556 

9.655805 

9.656054 

9.656302 

9.65655© 

9.656799 

9.657047 


9,950458 

9-950394 

9.950330 

9.950266 


Secant 

10,30^264 
to.301947 
10.30163^ 
10.3013 1 5 
10.300999 

10.048209  1 
10.048272  i 
10,048335  1 
10.048398 1 
10.048461  1 

10.300684 

10.300368 

10.300053 

10.299737 

10.299422 

10.048524  1 
10.048588  J 
10.048651 
10.048714  1 
10.048778 

?  10.299107 
5  I0.298792 

$  10.298477 
7  10,298163 
2  10.297848 

10.048841 

10.048904 

10.048968 

10.049031 

10.049095 

f  10.297534 

3  10.297219 
5  10.296905 
9  10.296591 
2  10.296277 

— i  — - — — 

10.049159 

10.049222 

10.049286 

10.049350 

10.049414 

-3 


50219 


3c 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 


10.347194 


9.704350  10.295650 
9.704663  ic.295337 
9.704976,10.295023 
9.705290  10.294710 


9.950202 

9.950138 

9.950074 

9.950009 

9.949945 

9.949881 


Sine 


9.705603 10.294397 
9.7059 16  10.294084 
9.706223*10.293772 
9.7o654i!io. 293459 
9.706853  10.293146 
9.707166  10.292334 


Tangent 


10.346692 

10.346442 

10,346192 

10.345941 

10.345691 


10,949542 
10.04960 6 
10,049670 
10.049734 


10.345442 

*0.345192 

10.3^4942 

10.344693 

10-344444 


10,049798 


10.34419s 


*7 

16 

*5 

13 
12 
1 1 

ic 

9 

8 

7 

6 

5 


10.049862,10.343946 
10.049926110.34369  b 
10/049990  10.343449 
ic.05CQ55'ic,34320i 
10.0501 19*10.34295  3 


63  Degrees . 


C  41a  ) 


A  Table  of  Artificial  Sines, 


27  Degrees 

Minutes 

Sine 

Tangent 

Secant 

* 

0 

1 

2 

3 

4 

9.657047 

9.657295; 

9-657542; 

9.657790; 

9.658037 

9.658284 

9.658531 

9.658778 

9.659025 

9.659271 

9.949881 

9.949816 

9-949752 

9.949688 

9.949623 

9.707166 

9.707478 

9.7077  9° 

9.708102 

9-708414 

IO.292834 

£0.292522 

10.292210 

IO.291898 

IO.291586 

ro.0501 19 

10.050184 

10.050248 

10.050312 

10.050377 

10.342953 

10.342705 

iO.342458 

10.342210 

10.341963 

5 

6 

7 

8 

9 

9-949558 

9-949494 

9-949429 

9-949364 

9-949300 

9.708726 

9.709037 

9.709349 

9.709660 

9.70997i 

10.291274 

1O.29O963 

IO.290651 

IO.29034C 

10.290029 

10.050442 

10.050506 

10.050571 

10.050636 

10.050700 

10.341716 

10.341469 

10.341222 

10.340975 

10.340729 

10 

11 

( 2 
13 
*4 

9-659517 

9-659763 

9.660009 

9.660255 

9.660500 

9-949  2  3^5 

9-949170 

9*949105 

9-949040 

9.948975 

9.710282 
9.710593 
9.710904 
9- 711215 

9.7*1525 

£0.289718 

IO.289407 

IO.289O96 

10.288785 

10.288475 

10  05076*5 

10.050830 
10.050895 
10.05096.0 
10.05 1025 

io.  14048 3 
10.340237 
10.339991 

IO-339745 

10.339500 

£5 

16 

57 

18 

19 

20 

21 

22 

23 

24 

9^660746 

9-^60991 

9.661236 

9.661481 

9.661726 

9-948910 

9.948845 

9.948780 

9.948715 

9-948649 

9.711836 

9.712146 

9.712456 

9.712766 

9-753076 

IC.288164. 

IO.287854 

IO.287544 

*0.287234 

10.286924 

10.051090 
10.051155 
IC.051220 
10.051285 
10.05135 1 

10.359254 

10.339009 

10.338764 

I0-3  385*9 
10.398274 

9.661970 

9.662214 

9.662459 

9.662703 

9.662946 

9.948584 
9.948  5*9 
9*94845  3 

9.948388 

9.948323 

9.713386  10.286614 
9.713696 10.286304 
9.714005  10.285995 
9.714314 10  285686 
9.714624 10.28537  6 

10.051416 
10.051481 
10.051547 
10.051612 
10.05  1677 

10.33^030 
io.337786 
,0*3  37541 
Ia337297 
:°-?37°54 

25 

27 

28 

29 

30 

9.663190 

9.663433 

9.663677 

9.663920 

9.664163 

9.664406 

9.948257 

9.948192 

9.948126 

■9.948060 

9-947995 

9.947929 

9.714933 10.285067 
9.715242  10.284758 
9.71555 1  10.284449 
9.715859  10.284141 
9.716168  10.283832 
9.716477  10.283523 

10.051743 
10.05 1808 
10.051874 
&0.05 1940 
10.051005 
10.05 1071 

10.3368 10 
10,336567 
10.336323 
10.336080 

10.335837 

l0-335594 

Sine 

Tangent 

I;  •' 

7 

Secant 

1  6  2  Degrees 

Tangents  and  Secants. 


(41 3  > 


17  Degrees . 


£ 

»-*• 

13 

P 

r-r 

Ct> 

(/> 


Sine 


9.664406 

9.664648 

9.664891 

9.66-5133 

9.665375 


30 

31 

32 

33 

34 

35 

369.665859 
379  66610c 
389.666341 
39  9.666583 


Tangent 


9-947929 

9.947863 
9-947797 
9-947731 
9-947665 

9.6656179*947599 


9.716477 

9.716785 

9.717093 

9-7i740i 

9-717709 


409.666824 
41  9*667065 
429*667305 
43  9^67546 

44I9.667786 


45)9.668026 
46  9.668266 
9.668506 
9.668746 
9.668986 


47 


49 

509.669225 
51  9.669464 
529.669703 
539.669942 
549.670181 

55 

56 

57 

58 

59 

60 


9-947533 

9.947467 

9-947401 

9-947335 

9.947269 

9.947203 

9.947136 

9.947070 

9.94700^. 

9.946937 

9.946871 

9.946804 

9.946738 

9.946671 


10.283523 

10.283215 

10.282907 

10.281599 

10.282291 


9.718017 

9.718325 

9.718633 
9-718940 
9-7  *9*48 


9*719555 

9.719862 

9-720169 

9.720476 

9.720783 


10.28 1983 
10.281675 
10.28136; 
10.281060 
10.280752 

10.280445 
ic.280138 
10.27983 
IG. 279524 
10.279217 


9.670419 

9.670658 

9.670896 

9.67II34 

9.671372 

9.6716O9 


Secant 


0.052071 

0.05*137 

10.052203 

10.052269 

10.052335 


lo*335594 

io-335352 

10.335109 

10.334867 

10.334625 


l0-334383 

10.33414!  24 


30 

,29 

28 

27 

26 

25 


10.052401 
10,052467 

io.Q52533jiO'3339coj23 
10.052599 
10.052665 


i°.333659!22 

i°.3334i7;2i 


10.052731 

10.052797 

10.052864 

10,052930 

10.052996 


9.946604 

9.94653s 

9.946471 


9.946404 

9.946337 

9.946270 

9.946203 

9.9.46136 

9.946069 

9.946002 

9-945935 


9.721089 

9.721396 

9*721702 

9.722008 

9.722315 

9.722621 

9.722927 

9.723232 


9.72353* 

9*723844 


10.278911 

10.278604 

10.278298 

10.277992 

10,277685 

ToT277379 

10.277073 

10.276768 

LO.276462 

10.276156 


10.053063 

10.053129 

10.053196 

10.053262 

10.053329 


9.724149 

9.724454 

9.724759 

9.725065 

9.725369 

9.725674 


Sine 


IO.27585  I 
JO.275546 
IO.27524I 
IO.274935 
IO.27463S 
10.27432 6 

Tangent 


IO*333 176)20 
10.33293519 
10.33269518' 
io*33245417 

so.3322I4‘i6^ 

10^33 1974*  1 5 

IO*33*734 14j 
io.3|r 494  I3 
10,33*254  12 
11 


10.053396 
10.053462 
053529 


w*V 


10.053596 

ic.053663 

10.053730 

10.053797 

10.053864 

•i  0.053931 

10.053998 


10.331014 

;c.  3 3077 5 

l°*33°536 

10.330297 

r  0.3  30058 
*0.329815 


10 

9^ 


10.329581 
10.329342 
10.3*9104 
10.328866 
328628 


10.05  4065 1 1 0.3  28  391 


7, 

61 

K 

9 

4 

3 

£ 


c1 

Secant  5. 

I  ™ 

8  tsrS 


62  Degr 


ees * 


C  414  )  A  Table  of  Artificial  Sines, 

28  Degrees ; 


Minutes  | 

Sine 

1 

Tangent 

Secant 

0 

1 

2 

3 

4 

9.671609 

9.671847 

9.672084 

9.672321 

9.672558 

9-945935 

9.945868 

9.945800 

9.945733 

9.945666 

9*72  5674 
9*725979 
9.726284 
9  72658b 
9.726892 

10.274326 

10.2740X1 

I0.2737I6 

I0i2734ix 

10.273107 

1 0.0^4065 
10.054132 
10.054199 
10^054167 
10.054334 

IO.32S39  ! 
10.328453 
10^327916 
IO.327679 
10.327442 

60 

59 

5® 

57 

56 

55 

54 

53 

52 

5i 

5 

6 

-7 

8 

9 

FO 

11 

12 

3 

14 

16 

<7 

18 

i? 

20 

21 

22 

23 

H 

9.672795 

9*67909  2 

9.673268 

9.673*505 

9.673741 

9.945598 

9-945  5  3 1 
9.945464 

9.945396 

9945328 

9*727I97 

9.727501 

9.727805 

9.728109 

9.7x8412 

10,272803 

10.272499 

10.272195 

10.271891 

10.271588 

10.05  4401 
10.054469 
10.054536 
10.054604 
10.054671 

10.327205 

re.  326968 
10.326732 
10.326495 
10.326259 

9.673977 

9,674213 

9-674448 

9.674684 

9.574919 

9.945261 

9.945193 

9*945I25 

9.945058 

9.944990 

9.728716 

9,72902c 

9.729323 

9.729626 

9.729929 

10.271284 

10.27098c 

10.270677 

10.270374 

10.27007c 

10.054739 

10.054807 

10.054874 

>0.054942 

10.055010 

10.326023 

10.325787 

10.325552 
ic.325316 
10,32508 1 

50 

49 

48 

47 

46 

9.6751*5 

9.675390 

9.675624 

9.675859 

9.676094 

9,944922 

9.944854 

9-944786 

9.944718 
9  94465c 

9*730232 
9*  730535 
9.730838 

9i73II4i 

9*73!444 

10,269767 

10.269465 

10.269162 

10.268859 

10.268556 

10,055073 
10.055 146 
10055214 
10.055282 
10.055350 

10.324845 

10,324610 

10,324375 

10.324141 

ro.323906 

45 

44 

49 

42 

U 

9.676328 

9.676562 

9-676796 

9.677030 

9,677264 

9.944582 

9.944534 

9.944446 

9*944377 

9.944309 

9*7  3 1 746 
9.732048 
9.732351 
9*732653 
9*73*955 

10.268254 

10.267952 

10.267649 

10^267347 

10.267045 

10.055418 

10.055486 

10.055554 

10,055622 

10.055691 

10,323672 

io:j2J43B 

10.323204 

*043X2970 

JO.322736 

40 

39 

38 

-t 

37 

36 

35 

34 

33 

32 

31 

30 

25 

26 

27 

28 

29 

BO 

9*677497  9*94424! 
9*6?773*  9*944I7? 
9.6779649*944^04 

9.6781979.944036 
9.6784309.943967 
9.678663  9.943898 

9.733257 

9.733558 

9.73386c 

9.734162 

9.734463 

9.734764 

10.266743 

10.266442 

10*266140 

10.265838 

10.565*37 

10.265236 

10.055759 
10.055827 
10.055896 
10.055064 
,10.056033 
» 0.056101 

10.322502 
10.322269 
10,322036 
I0.32i803 
10.321570 
1  >*32,U37 

V 

Sine 

■: 

Tangent 

Secant 

2 

5 

c 

rr 

Cb 

</» 

Degrees . 

Tangents  and  Secants 


( 415  > 


28  Degrees. 


... 

r> 

P 

Sine 

r-t 

n> 

he# 


30 

31 

32 
3? 


9*67^663 


Tangent 


Secant 


9.943898  9-7347^4 


9*678895  9.94’83o9*7350^^ 


9*679128:9.943761 
9*679360  9.943692 


349.679592  9.94362419^73 5_9^8 


3  j!9.679824V-y43‘)5t;  9*736269 
369*680056  9*943486  9*73^57° 
3^9  680288  9.943417  9*73 687° 
3819.6805 19  9*943348  9*7 37*7i 


39 

40! 

41 

42 

43 


9.680750 


4^9.682135  9.942864 
9.682365  9.945795 
9.682595  9.942725 
9.682825  9.942656 
9.683055  9.942587 


46 

47 

48 

49 

5° 

5* 

52 

53 

54 

55 

56 

57 

58 

59 


9*735367 

9.735668 


9.943279 


9.6*0982  9-9432io9*73777i 
9*681213  9.943141  9*73807; 
9*681443  9.943072 9*738371 
9.681674  9.943003  9*738671 
44 9*^  8^905  9.942933  9*7  38971 

~  9*73927i 
9*739570 
9'739870 
9*74oi69 
9*740468 


9.683284  9.942517 
9.6835149.942448 
9.683743  9.942378 
9.683972  9.942308 
9.684201  9.942239 


9.6844309.942169 
9.6846589.942099 
9.684887)9. 942029 
9.6851159.942959 
9.685343:9.942889 
6o9*68557i9*9428i9 


Sine 


9*737471 


ic. 265236  10.056101 


10.264934 

10.264633 

10.264332 

10.264031 

i  O.26373I 
10.26343c 
10.263129 
10.262829 
10.262  ;29 

10.262123 
1 0*26 1929 
10-261629 
10.  26 i 32c 
10.261029 


9.740767 
9*741066 
9*7  41365 

9-74*664 

9.741962 


9-74226i 

9.742559 

9.742858 

9-7431 56 
9*743454 
9*7  43752 


10.260723 
10.26043c 
10.26013c 
10.25983 1 


10.056170 

10.056239 

10.056307 

10.056376 

10.056445 

10  0565 14 
10.056583 
10.056652 
'0.056721 

10.056790 

0.056859 

10.056928 

10*056997 

0*057066 


10.32  337  30 
10.32110429) 
1O.310872  2g 
IO.32064O  2y 
I  .3204c8'2^ 


10.32017625 


0.319944 


io*3  4 9 7 1  ^  2 3 
10.319481 

10.31925^21 


24 


§9 

181 

!7l 

»0 


0.057136’ 

0.057205 

0.057274, 

0.-057344 


10.159532  1O.O57413 


ro.259233 

10.258934 

10.25863*. 

10.258336 

10.258038 

10.257739 

10.257441 

10.257142 

10.256844 

10.256546 

10.25624b 


Tangent 


<0.057483 
10.057552 
^0.057622 
10.057692 
10.05776 1 

10.0578^1 
10.057901 
10.057971 
0.0  5  804 1 
10.058 1 1 1 
10.058181 


10.319018  2CJ 
10.318787 

10.318557 
10.3 18326 

1 0.3 18095 

10.317865 
10.31763s 
■io-3l74f,5 
10,31 7  i7c 

10.316945 


10.316716 
10.316486 
10*316257 
ro.3 16028 
o*3!5799 
•  10.3 155  7c 
10.315342 
10.3151 1 3 
10.3 14885 
10.314657 
m.314429 


Secant 


<5: 
14 
!3 
12 
1  I 

IO 

9 

8 

7 

6 

4 

3 

1 

1 

o 


6 1  Degrees . 


(  4i(5  ) 


A  Table  of  Artificial  Sines, 


2 

5* 

£ 

Sine 

CD 

0 

9. 685571 

1 

9,685799 

2 

9.686027 

3 

p.686254 

4 

9.686482 

5 

9.686  09 

6 

9.686936 

7 

9.687163 

8 

9.687389 

9 

9.687616 

29  Degrees . 


10 

11 


9.941749 


9*7  43752 

9.74405c 


9*94*  $39 


9.94146b 


9.941328 
9.941258 
9  941^7 


9.687842 
9,688069 
12  9-688295 
9.688521 
9.688747 


*4 


*5 

16 


18 

19 


20 

21 


22 

23 


?4 


25 

26 


27 

28 


29 

30 


Tangent 


9.941679974434^ 
9  744645 
9.744943 


9745240 

974553s 

9745s35 

9746132 

9746429 


9,94X117 

9.941046 

9*94°975 

9.940905 

9j94°l34 

9.940763 

9.940693 


9.746726 

9747023 

9747319 

9.747616 

974751* 


9748505 


9.688972 
9.689198 
I7|k9.6894>23 

0  V  689  648I9. 94°  5  5  M9749097 


9.689873 


9.690098 

9.690323 

9-690548 

9.690772 

9,690996 


9 '940480 


9.940409 


9.691220 

9.69144.4 

9.691668 
9.691892 
9.6921 15 
9.692339 


9.940053 

9.939982 

9.9399U 

9.939840 

9.939768 

9.939697 


9749393 


9.749689 


9.9403389749985 

9.94^267 
9.940196 
9.940125 


Sine 


Secant 

■10.256248 

xo.05818 1 

10.314429 

60 

10.255950 

10.05825 1 

1 0.3 14201 

59 

10.255652 

10.058321 

IO*3 1 3973 

58 

0.255355 

10.058391 

10.313746 

57 

10.255057 

10.058461 

10.313518 

56 

10.254760 

10.058532- 

10. 3 1329I 

55 

10.254462 

10.058602 

10.3  13064 

54 

10.254165 

10.058672 

10.312837 

53 

10.253868 

10.058742 

10.35261 1 

>2 

10.259571 

10.05  8  S 13 

IO.352384 

5i 

10.253274 

10.058883 

IO.312157 

5° 

10.252977 

10.058954 

IO.31I93! 

49 

10.252681 

10.059025 

IO.3H705 

48 

10.252384 

10.059095 

IC.3U479 

47 

10.252088 

10.059166 

IC.3U253 

\6 

10.251791 

JQ.059237 

10.311028 

45 

10.25149$ 

10.0-9307 

50.310802 

44 

10.251199 

10059378 

10.310577 

43 

^0.250903 

10.059449 

IO.3IO352 

42 

10.250607 

10.059520 

IO.3IOI27 

41 

?  10.250311 

10.059591 

IO.3O9902 

40. 

10.250015 

10.059662 

10:309677 

39 

10.249719 

io.°597|3 

IO-3094$2 

38 

5  0.249424 

10.059804 

IO.309228 

37 

1  io.249I28 

10.059875 

10.309004 

36 

7  10.248833 

10.059947 

IO.30878S 

35 

l  10.248538 

10.060018 

IO.308556 

34 

7  10*248243 

10.060089 

IO.308332 

33^ 

2 10.247948 

10.060160 

10.308108 

• 

32 

7  10.247653 

10.060232 

IO.307885 

31 

10.247358 

10.060303 

IO.307661 

30 

s 

Tangent 

Secant 

3 

c 

«-> 

a. 

e« 

60  Degrees . 


1 


Tangents  and  Secants. 


(  41 7 


29  Degrees, 


1 

< 

p 

cs 


Sine 


30', 9-692339  9-939697  9-75254^ 
31  9.692562 9.939625  9*7 5 29 37 


9-93969? 


v  9-6927859-939554 

33  9-6930099.93948 


3? 

36 


34  9-693  1 


9.93941c 


Tangent 

9.752542 


9-753231 

9-7535*6 

9-75382C 


Secant 


9.693453  9.9393399-754115 
9.693676  9.939267 9-7544°9 
37  9  69389819.939195  9-7547°3 
389-694120  9.939123  9-754997 
3 9  9-694342  9-939°5 1  9v7 55*9 * 

9.6945649.9389809-755585 

9*694786  9-938908  9-755878 
9*695007  9.938836  9-75617 
9.695229  '  '  0  "  ‘ 


46 

4-J 

42 

43 


10.247358 
10.247063 
10.246769 
10.2  ‘,-6474 
10.24618c 

10.245885 

10.245591 

10.245297 

10.24500 

10.244709 

10.244415 
10,244  -  22 
10-243828 


10.060303 

10.060375 

10.060446 

10.060518 

10.06059: 

10.060661 
10  060732 
10.060805 
10.06087, 
10.060949 


9  •  9  3  ^  7 6  3 19 -7  $6  4  6  mi  0.2  4  3  5  3  5 
9-938691  9.756759  10.242 241 


449.695450 

4 5 j9- 69 567 1 (9^? § 6 1 9  9.757052 

469-6958929.938547  9-757345 
*79.696113  9.938475  9-757638 
489*6963349.938402  9-75793 5 
49  9-696554  9-938330  9-75^224 


509-696774  9.938258  9.758517 
9-696995  9.938185  9.758810 
9.69721 5  9.93.8113  9.759102 

9-697435  9.938040  9-759395 
9.697654  9.937967  9.7 59687 


5* 

52 

53 

54 

5  5  9.697874  9-937895  9-759979 
569-6980949.937822  9.760272 
57  9.6983 i 3  9.937749  9.760564 


io.30766i(gC 

s  0.307438  29 
10.30/215U8 
10.3  6991 U7 
306769,26 
10.306547!^ 

i  0.306  3  24 
io*3o6ro2i 
10.305880 
10.305658 


10.06  102 
CO.061092 
IQ.061164 
10.06 1237 
f  0.06  s  309 


10.242948 
10.24265  5 
10.242362 
10.242069 
10.241776 
10,241483 

10.241190 

10.240898 

10.240605 

10,240313 

10.24002  s 
10.239728 
10,239436 
10.239144 


10.061381 
10.061453 
10.061 525 


50.305436 

10.305214 

10.304993 

10.304771 

'•0.304550 


18 

17 

16 


10.304329 

10.304108 

10.303887 


10.061598  10.303666 
10.061670110.303446 
10.061.742. 


i0.c6i8i  5 
*0.061887 


10.303226 

10.303005 

10.302785 


10.061960110.302565! 

10.06203  3I }  0.30  2  3  46 


10.062105  10.3021261 


10.062178 

10.062251 


10.301906 

10.301687 


0.062324110.301468 


9.760856 

9.761 148  10.238852  10.062  397h  0.301249 
9.761439  10.238561)10.0624691 


10.23 


8561 


Tangent 

60  Degrees* 
D  d 


10.0 


10.301830 


Secant 


(  418  ) 


A  Table  of  Artificial  Sines, 


30  Degrees . 


Sine 


Q$.69897q9*93753i 
I|9.699iS£?:9.9?7458 
29*<599407^*937^5 
3  9^99^9*9373*2 
JS9.699  ?  44*9*93723  8 

9-937*65 


Tangent 


9.761439 

9.761731 

9.762023 

9.762314 

9.762606 


s'- 


ic 

1 1 

12 
1? 


15 

if 

17 

18 

I? 

.20 

21 

-|22 
2  -2 


9.7000  6v 
9.700280 
9*700498 
9.700716 
9.700933 


9*701151 

9*701368 

9701585 


9.937092 

9.937019 

9.9I6946 

9.936872 

9.936799 

9.936725 

9.936652 


9.701802  9.936578 
I4l9j7020 1 9  9-936 5 0 5 
9.702236  9.936431 


9.702452 

9.702669 

9.702885 

9.703101 

9^7033*7 

9703533 

9703749 

9.703964 


JCz!  -764!  79 
125  9.704395 
I2  6  9.7O46 10 

J  27  9.704825 

!  28  9.705040 


9.93635  7 

9.936284 

9.93621c 

9.93613c 


9.762897 

9.763188 

9-763479 

9.763770 

9.764061 

9.76435 
9.764643 

9.764933 

9-765224 

9.765514 


2  ro 


9.936062 
9-  9  3  <  9  8  8 

9-9359H 

9.935840 

9.935766 


9.935695 

9.935618 

9*935543 

9.935469 


s  20 
t3° 


9.7052549.935395 


97^5469 


9.765805 

9.766095 
9.766385 
9.76667  5 
9.766965 

9.767255 

9-767545 
9.767834 
9.768124 
9.76841  3 


9.768703 

9.768992 

9-769381 

9.769570 

9.769860 


9.9353209,770148 


Sine 


Secant 


10.2;  8*  6 1 
10.238269 
10,237977 
10.237686 
10.237394 

10.237 '°3 

10.236812 

LO.236521 

10.236230 

100235939 

-.235648 
10.235357 
10.235067 

10.234776 

10.234486 

10.234195 
10233905 
10.233615 
ic. 233325 
£''.233035 

10.232745 

10.232455 

10.232166 
10.231876 
10.23 1587 

IC.231297 
10.23  tcoB 
10.230719 
10.230430 
10.230240 
10.229852 

Tangent 


10.062469110.301030 
10.062541  10.30081 1 
10.062615  10.300593 
10.062688  io.3''0374 
10.062762  10.300156 

10.06283^)10.299938 
10.062908^  0.29972c 
10.0.6298^!  10*299  502 
10.063054*10.299284 
10.063128)10,299067 

10.298849 

10*29863 
10.298415 
10.298198 
10.29798 

10.297764 

L0I297548 
10.297331 
10.297115 
10.296899 

10.296683 
10.296467 
10.29625 1 
10.296036 
10.295821 


10.06320* 

10.063275 

10.063348 

10.063422 

10.063495 


10.063569 

10.063643 

10.063716 

10.063790 

10.063864 

1.0.063938 
10.064012 
!  0.064086 
10.064160 
ic.064234 


10.06430s 

10.064382 

10.064457 

10.064531 

10.064605 

10.06468c 


10.295605 
10.29539  o 
10.295175 
10.294960 
10.294746 
10.294531 


Secant 


60 

59 

58 

57 

5j5 

55 

54 

53 

52j 

5X 


50 

49 

48 

47 

46 


+  5 
44 
43 
42 

11 


5  $  Degrees* 


Tangents  and  Secants  (  419  ) 

3°  Degrees 

3 

M  • 

3 

C 

ft 

Ct> 

Sine 

. 

Tangent1, 

Secant 

3°* 
31  $ 

52C 

335 

34 

35  < 

C 

*j[l 

3§l 

39) 

40 

41 
4a 

43 

44 

45 
|6 

47 

48 

49 

51 

52 

53 

54 

’  5? 

56 

57 

58 

59 
6c 

H— 

>705469* 
>705683  < 
>705897 
7.7061  12 
>.706326 

>•935320 
>•935246 
>•93517  *  < 
>•935097* 

>.935022 

>•770148  10.229852 
>.770437  10.229563 
>.770726  10.229274 
>771015 10,22898s 
9771303  10.228697 

1 0.06468b  1 

10.064754 

10.064829 

10.064903 

10.^64978 

10.294531  30 
10.294317  29J 
L0. 294 103  28 
IO.293888  27 
10.293674  26| 

9706539: 

9706753 

7.706967 

9.707180 

9707393 

>•934948 

9.934873 

9.934798 

9.934723 

9.934649 

9.771592  10.228408 
9771880  10.228120 

9.772168  10^227832 

9-772457|io.227543 
9772745;io.  227255 

10.065052 

10.065127; 

io;o65202 

10.065277 

10:065351 

10.29346s  25| 
IC293247  2 48 

1  Of 2 9 303 3  231 

10.29282c  22j 
10.292607  ^21 

9.707606 

9707819 

9708032 

9.708245 

9.708457 

>•934574 

>•934499 

9.934424 

9-934349 

9734274 

9-773033; 

9773321 

9.773608 

9.773896 

9774*84 

10.126967 
10.226679 
10  226392 
10:226104 
10.225816 

7cFo65426 
10.065501 
10.065576 
10.06565 1 
10.065726 

10.292394  20 1 
ic. 292181  19  l 
10.291968  18 
10.291755 17. 
IC.291542  If 

9.708570 

9.708882 

9.709094 

9.709306 

9.709518 

9^934199 

9.934123 

9.934048 

9-933973 

9.933898 

9-774471 

9-774759 

9.775046 

9775333 

9775621 

10.225529 

10.225241 

10.224954 

10.224667 

10.224379 

10.005801 

10.065877 

10.065952 

10.066027 

10.066102 

ic. 29133c  15 
10.291118  14 
10.290906  13 
10.-290694  12 
10.290482  IS 

9.709730 

9709941 

97 IOI53 
9.710364 

9710575 

9.933822 

9-933747 

9.933671 

9.933596 

9-93  3  52c 

9.775908 

,9776195 

U.776482 

9.776769 

>777055 

10.22409c 

10:223805 

10.22351s 

10.22323] 

10.22294* 

10.066178 
10.066253 
10.066329 
10.066404 
;ji  0.06648c 

10.29027 c 
10.290059  9 
ic.289847  8 
10.2896361  7 
10.2894^5!  6, 

9.7 10786 
9710997 
9.71 120S 

9-7n4*$ 

9.711629 

9.711835 

9733444 

9.9333^5 

9.93329- 

19.933215 

9*93  3 1 43 
9-9  3  3  °6  < 

977/342 

9.777628 

9-7779M 
9.778201 
9,778487 
S  9.778774 

10.222658^10.066556 
10.22237210.066631 
10. 2  22085;  10.0667c; 
io.22i799jio.c6678: 
10.221513  10.06685V 
10.221 226 , 0,066^3. 

10.289214  5 
10.289003  4 
10.288792  3 
j  10.28858?  j 
?  10.288371 1  1 J 
.  io. a 88 16 i  j-  el 

Sine 

Tangent 

i 

Secant  lj* 

Cl 

l  I** 

5  9  DeZ  rees. 


Dd  2 


(  4  2,0  ) 


A  Table  of  Artificial  Sines, 


;  I  Degrees 


2 

£5 

ff 

r* 

CD 


5ine 


09.7 1  *839 
£  9.7  I  2O45 
29.71226 

3  9-7 1 24<59 

49.712679 


59.712889 

69.713098 

79.213308 

®  9-7 1 3  5 1 7 

9.713726 

97*3935 

97*4*44 
9.714352 
9.7x4561 
49.714769 


9 

JO 
1 1 
[12 
*3 

I 


15 

16 


9.714978 
,9.715186 

i7|9*7i5394 

*8)9.715601 

799.715809 


20 

21 

22 

23 

24 


2$ 

26 

27 

28 

29 

30 


9.716017 


7.933066 

,>.932990 

9.932914 

9.932838 

9.932762 


9.932685 

9.932609 

9-932533 

9.932457 

9.932380 


9.9323049.781631 


9.932228 

9932151 

9.932075 

9.931998 


9.931921 

9.931845 

9.931768 

9.931691 

9.931614 


9-93*537 


9.7162249.931460 
9*7 1 64.3219.93 1 3  8  g 
9.716639*9.931306 
9.716846  9.931229 


9-7J7°53 

9.717259 

9.717466 

9.717672 

9.717879 

9.718085 


Tangent 


9778774 

7.779060 

9.779346 

9779632 

97799x8 


9.780203 

9780489 

9.780775 

9.78106c 

9781346 


9.781916 
9.782201 
9.78248  6 
9782770 


9.783056 

9.78*341 

9783626 

978391c 

9.784195 


9784479 

9.784764 

9785048 

9.785332 

9.785616 


9.931152  9.785900 10.214100 
9.931075  9.786184  10.213816 
9.930998  9.'786468  10.213532 
9.930920  9.786752  10.213248 
9.930843  9787036,10.212964 
9.930766  97873!9io.2i268i 


10.221226 
10.22 .94. 
10.220654 
O.22O368 

i0.220082 

10.2 1979*7 
IO.2195  I  i 
IO.219225 
IO.218940 
IO.218654 


iO.21^369 

10,218084 

IO.217799 

IO.217514 

10.217300 


Secant 


10.066934 
10.067010 
-0.067086 
1 0.067 1 62 
ic.067238 


10.067315 

10.067391 

ic.067467 

10,067543 

10.067620 


10.216944 

10.216659 

10.216374 

10.216090 

10.215805 

10.215521 

10.215236 

10.214952 

10.214668 

10.2143*84 


Sine 


Tangent 


10.067696 
10.067772 
0.06  7  8  49 
10.067925 
10.068002 


10.288161 
10.287951 
10.287740  g 
10.287531  - 

10.287321^5 


55 

54 


10.287m 
10.286902 
10.286692^ 
10.286483^2 
10.286274^  1 


10.286065 

10,285856 

10.285648 

10.285439 

10.285231 


10.068079 
10.068155 
10.06823  2 
10.068309 
10.068386 


10.068463 

10.06854c 

10.068617 

10.068694 

10.068771 


10.068848 

10.068925 

10.069002 

10.069080 

10.069157 

10.069234 


10.28502 

10.284814 

10.284606 

10.284399 

10.284191 


10.283983 

10.283776 

10.283568 

10.283361 

ic.283154 


50 

49 

48 

47 

46 


10.282947 
10.282741 
10.2825  34 
10.282328132 
10.2821 21  31 


L  45 
44 
43 
42 

4i 

40 

39 

38 

37 

36 

35 
34 
33 


10.281615 


Secant 


30 


3 

j= 

rt 

n> 

m 


58  Degrees . 


j  Tangents  and  Secants  (  421  ) 

|  31  Degrees 

1  si  ' 

1'  Sine 

1 

1  n> 

I  «> 

1 

Tangent 

f 

Secant 

• 

_  - 

ho  9.71808^ 
hi  9*718291 
I32  9*7*8497 
33  9*7*87^5 
134  9*7*8909 

35  9-7I9IM 
369*719320 

37  9.719525 

38  9-7I9730 
|39  9*719935 

9*930766 

9.930688 

9.930611 

9.930533 

9.930456 

9.930378 

9*93°3°c 

9.930223 

9.930145 

9.920067 

9.78731910.212681 
9.78760340.212397 
9.78788640.212114 
9.788i7o'ic.2i  183c 
9.788453*10.211547 

9.78873640.211  264 
9.7890^9-10.210981 
9.78930240.210698 
9.789585  10.210415 
9-789868!io.2ioi32 

’10.069234 
10.069315 
r  10.069385 
10.069467 

10.069544 

]io.o696z2 

I10.06970C 

1 10.06977 7 
510.069855 
iio.069933 

10.281915  3o 
10.281709  29 
io.28j5o3]2b 
10.281297  27 
10.281091  26 

10.280886  25 
10.28068c  24 
io*>28o475  23 
10.280270  22 
10.280065  21 1 

J40  9*720140 
4*  9*720345 
I42  9*720549 

43  9*720754 

44  9*720958 

9.929989 
9.9299*  1 

9*9  29833 
9.929755 

9.929677 

9*79oi5i 

9*790433 

9*790716 

^•790999 

9*791281 

jio.209849 
510.209567 
10  209284 
10.209001 
£0.208719 

ic.070011 

10.070089 

10.070167 

10.070245 

10,070323 

10.179860  2C| 
IO.279655  19! 
10.279451  l8 
IC.279246  17 
10.279042  16 

J45  9.721165 
469.721366 

47  9*72*576 

48  9.721774 

49  9*721678 

9.929599 

9*929521 

9.929442 

9.929364 

9.929286 

9.9292^7 

9*929129 

9*929050 

9.928972 

9*928893 

9*791563 

9.791846 

9.792128 

9-7924IO 

9.792692 

10.208437 
10.2081 54 
IO.ZO/§72 
10.207590 

IC.207308 

10.070401 

10.070479 

10.070558 

10.070636 

10.070714 

10.278838  15 
IO.278634  14 
10.278430  13 
IO.278226  2 
IO.278022  U 

50  9*722181 

51  9*  722385 

52  9.722588 

53  9.722 79 

54  9*722994 

9*792974 
9.793256 
9*793538 
9*  7  9  3  8  r  9 
9.794ioi 

10.207026 
10.206744 
10.206462 
10.2061 8i 
10.205899 

10.070793 

10.07087; 

10.070950] 

10.071028 

1 0.071107 

IC.277SJ9  IQ 
IO.277615  9 
10.277412  8 
10.277209!  7 
10.2770061  6 

55  9*723197 

56  9.72340c 

57  9*723603 

58  9.723805 

59  9.724007 
6c  9.72421c 

9.928814  c 
9.928736  c 
9.928657  c 
9.928578  c 
7.928499  $ 
9.928420  $ 

9.794383 

9.794664 

9*794945 

9.795227;] 

9*7955o8j 

>.7957891 

10.205617 
10.205336 
[  0.205055 
10.204773 
10.204492 
0.23431 1 

10.071 186 
10.071264 
10.071343 
10.071422 
Eo.071^01 

1 0.07 1 5  80 

.1.0.276803  ^ 
10.276600  4 
10.276397  3 
10.276195  2 
10.275993  j 
10.275790!  o1 

Sine 

i 

Fangent 

ft 

Is 

Secant  g 

1  ^ 

O  I 

8  5/»  1 

_____  •-  58  Decrees.  «fl! 

(  422  )  A  Table  of  Artificial  Sines,  | 

3  2  Degrees  j 

'K 

h«  n  * 

g  ome 

0>  i 

W 

Tangent 

Secant 

O9.7242K 

I  9.724412 
29.724614 
3  9.7248  if 
49.725017 

9*y  2  8420 
9.928341 
9.928262' 
9.9281  83 
9.928  104 

9.795781, 

9796070 

9-796351 

9.796652 

9.796913 

10.^0421 1 
ic. 20393c 
10.203649 
10.203368 
10.203087 

10.07158c 

10.07  *659 
10.071738 
10.0718  7 
ic.071896 

10.275790  6c 

io.2755^859 
10(275^86 
10.275 184  jy 

10.27498356 

59.725219 

69*725420 
79.725622 
8)9.725823 
__9  9.726024 

9. 92802^ 

9-927946 

9.927867 

9.92778; 

9.9277(58 

9.797194  l°.2028o6 

9-797474  I0*202526 
979775540.202245 
9798036  10.201964 
9.79S3 16  10.201684 

10.07 1975 
10.072054 
10.072133 
10.072213 
10.072292 

10.2747*1* 

10.274580! 

^.274378 

10.274177 

10.273976, 

55 

54 

53 

52 

5 1 

’09.726225 
1 1  9726426 
1  2  9.726626 
*  3  97*i6827 
1 4  9.727027 

9.927628 

?-927549 

9.927469 

9.91739 

9.92731^ 

9798596  10.201404 
9798877  10.201 123 
9.7991 57  10.200843 
979943710.200563 
9.79971 7jI0.2oo283 

10.072372 
10.072451 
»  0.0725  31 
10.072610 
10.07269c 

10-*7377S 

la2735?4 

10.275374 

10.273173 

10.272973 

50 

48 

47 

46 

727228 
'*6  972742S 
’79.727628 
9.727828 
199.728027 

9.927231 

9.927151 

9.927071 

9.92699I 

9.926911 

9-799997 

9.800277 

9.800557 

9.800836 

9.801116 

re.  20000 3 

10.199723 

10.199443 

10.199164 

10.198884 

10.198604 
1 0.191325 
10.198045 
10.197766 
10.197487 

10.072763 

10.072845 

10.072929 

’0.073009 

'0.073089 

10.27277S 

10.272572 

10.272372 

10.272172 

IO.27I973 

45 

44 

43 

42 

4i 

40 

39 

38 

37 

3£ 

35 

35 

33 

32 

3i 

'3c 

209,728227 
21  9.728427 
229.728626 
23  9,728825 
249.779024 

9.92683I 
9.9267P 
9.926671 
9726591 
9.9265  I  1 

9.801 396 
9.801675 
9.801955 
9.802234 
9.8025 12 

10.073169 

10.073249 

1 0.07  3  3  29 
10,073409 
10.073485 

IO.27I773 

10.271573 

10.271374 

10.27  ij  75 
10.270976 

25  9.729223 
269729422 

27  9729621 

28  9729826 

29  9.730018 

30  9.73021c 

9.926431 

9*92635* 

9.92627O 

9.926190 

9.9261  rp 
9.926029 

9.802792 

9.803072 

9.803351 

9.803630 

9.80^908 

9,804187 

10.197^08 

*0.196928 

10.196649 

10.196370. 

10.196092 

10.195813 

10.073565 

10.073645 

10.07373c 

10.07381c 

10,07389; 

10.073973 

10.270777 

10.270578 

10.270379 

ic.270180 

10.269982 

10.269784 

> 

Sine 

: 

Tangent 

Secant 

*  t 

|  ct 

1  or 

57  Degrees . 

'  Tangents  and  Secants.  (  423  ) 


32  Degrees • 

Minutes 

Sine 

Tangent 

0 

i  v 

Secant 

$ 

{  ' 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

30 

33 

34 

9*730216 

9-73°4i  $ 
9.730613 
9-73o8n 
9,73^009 

9.9260-29 

9.9  25949 

9.925868 

9-y^7*7 

9925707 

9.804587 
9.804+66 
9/804745 
9-805023 
9  805302 

10.195813 

10.195534 

1  °, 1 9  >  2  5  5 
10.194977 
10.194698 

10.073971 
10.07405 1 
10.074 132 
10.074213 
10.074293 

10,269784’ 

IO.269585 
10  269387 
10.269189 
i  O.26899  | 

35 

36 

37 

38 

39 

9  731200 
9.73M04 
9.731601 

9.7  31799 
9.731996 

9.925626  9*805580 
9.9255459  805859 
9.92546s  9*8o6  i  3 7 
9.925  384  9*80641 5 
9  925303  9-306693 

10,194420 

10.194141 

10.193863 

ic*I>'3585 

10.593307 

10.0743?-* 

10.074455 

10.07453, 

10.074616 

10.074697 

IO.268794.' 
10. 268596] 
10.268399 
10.268201' 
10.268004 

'4° 

4s 

41 

43 

44 

45 

46 

47 

48 

45 

9.732193 

9.732390 

9.732587 

9-732784 

9.73298c 

9*925222 

9.925141 

9.925060 

9.924979 

7.924897 

9.924816 

9.924735 

9-924653 

9.924572 

9.924491 

9.80697 1 
9.807249 
9.807527 

9*807  805 
9.808083 

9.808361 

9.008638 

9*808916 

9.809193 

9.809471 

10.193029 

19.192751 

10.192473 

10  192195 
10.191917 

10.074778 

10.074859 
IO.O7494C 
J0.c  75021 
10.075103 

10.267807 

10.267610 

10.267413 

10.267216 

<0.267020 

20 

59 

18 

17 

16 

I_? 

J4 

13 

12 

1 1 

ID 

9 

8 

7 

6 

9.733177 

9.733373 

9.73356y 

9-733765 

y.73396i 

10.191639 
10.19 1 362 
10.191084 
10,190807 
10.190529 

10,075  184 
10,075265 
10,075347 
10.075428 
10.075509 

1 0,266823 
10*266627 
10.26643 1 
10.266235 
<0.266039 

5^ 

<1 

52 

53 

v; 

55 

5c 

57 

58 

59 
6c 

9*734I57 

9-734353 

J-734548 

9*734744 

9734939 

9.924409 

9-924328 

9*924246 

9-924164 

9.924083 

9.809748 
9.810025 
9.810302 
9.8 10580 
9.810857 

10. 190252 
10.189975 
10.189698 
10,189420 
10 189143 

10.075591 

10.075672 

10.075754 

10.075836 

10.075917 

10.265843 

XO.265647 

10,265451 

10.265256 

10.265061 

9.73  5  *34 
9.7353  30 
y-735525 
9.73  57  T  9 

9-7359H 

9. 736109 

^.924001 

9.923919 

9.923837 

9-923755 

I9.923673 

|9-9*  3  59 1 

9*8l  1 1 34 
9.811410 
'9.811687 
'9.811964 
9.81224/ 
9,812517 

10.188866 
IC.188590 
1 0. 1 8  8  3 1 3 
10.188036 
10*187759 
10,187483 

10,075999 

10.07608  * 
10.076163 
10.076245 
ip.076327 
10,076409 

10.264866 

10.264670 

10.264475 

10.264281 

10,264086 

10,263891 

5 

4 

3 

2 

1 

0 

Sine 

1 

Tangent 

Secant 

s 

r~  • 

P 

r*» 

a 

w 

57  Degrees • 

D  <1 4 


(  4*4  ) 


A  Table  ot  Artificial  Sines, 


3  3  Degrees 


.s 

F-*  • 

■'3 

■rt 

,n? 

t/> 


Sine 


I  o  9*  7  36 1  Op  9, 9  2  55  9 !  b-8 1 2  5 1 7 
i  9*736303  7'.9235G9j9-Si2794 
129*7364, 98  9. 9234  27 
9*736692  9.923345 


9v73688/: 


5  9*73798  9.92318 
9*737274  9.923 198. 
9*737^7  9.923016 
9*73766}  9.922933 
9^7^59922851 


•’0*9*73 8048  9.922768 


1 1 


!4 

IA 

r6 

*7 

I,K 

4? 

2 

2? 

22 
23 


pgent 


9.923263 


9.816107 

9.816382 


9*738241 

9-7  18434 

9*738627  9.922520 
9*73  '‘82c:  ^922438  _ _ _ 

'•7 89 01 3  9.922355  9.81(6658 
9*739205  9.9222729*816933 
9*7.3939t  9.922189  9*8172'-  9 
9*73959°  9.922  106^9*8x7484 
9*739 783  ^92202:^*817759 

9.818035 

y  8 183 iO 


9.813070 

•  >‘.i:+7 
.813623 


9.8l  3899 

9.814175 

9,814452 
p.l  14728 
9.8J5OO4 


9.815279 


Secant 


1  o.  1 8  7  4  8  3 1 1  o.  07  6409 


10. 187206 
5O.18693O 
IO.186653 
10.186377 

10.186101 
10. 1 85825 
10.185548 
16.185272 
10.184996 


10.076491  10.26369 


10.263891 


9*739975  9.92194; 

9*  74°  1^ 79.921857  y  0  ’03 i(J 

9*74035919.921774  9*818585 
9*7405  5°  9.92 1691(9*818860 
9*746742  9.9  2 1 60  7|9*8j_9_^  3  5 
9.740934  9.92 15  24)9*8 1 94 10 

«  9*74a l25  9.92144^19*819684 

7  9*74r3 x6  9.921 357^  819959 
6  974 M° 7  9.921274  9^820234 

9.921 190-9*820508 

9.021x0719^820783 


24 

25 

26 


28 

29 


10.184721 
10.184445 
xo.  184169 
10.183893 
10.183618 

10.183342 

10.183067 

10.182791 

10.182516 

10.182241 


10.076573 

40.076655 

40.076737 

10.076820 
10.076902 
10.076984 
10.077067 
10.077 14^ 


9.741699 

9*741889 


Sine 


10.181690 

10.181415 

10.181140 

10.180865 

|0- 1 80590 
1Q.I  803  16 
10*180041 
tO.179766 
10.179492 

i°:£792i7 

Tangent 


10.077232 

10.0773^4 

10.077397 

10.077480 

^0.077562 

10.077645 
10.077728 
10,0778 
10.077894 
10.077977 


10,26350.. 
10.26330b 
10.263 1 14 


10.26292c 
10.262726 
10,2625  33 
10.262339 

10*262145 

10,261952 

10.261759 
to.261566 
10,261373 
10,261 1 80 


10.2602 17 

^0.181965  10.078060  10.260025 
-‘10.978143110.259833 
10.078226  0.259641 
10.078309 
10.078393 


60 

'9 
18 
■  7 

54 

53 

52 

5 1 


5° 

49 

48 

47 

t6 

45 

44 


10,07847^ 

10.078559 

1C.078693 
10.07872c 
ig,0788ic; 
10,078893 


10.260987 
10.260795 
10,260602  43 

10.2604 10  42 

4i 

4oj 
39 
38 

37 

36 


35 

34 


10.25945c 
10.259258 

io.»59o<56 
10.258875 
10.358684  33 
10,25849^ 
10.258^01 
10,258  { 1  j 


Secant 


56  Degrees 


MS.- 


Tangents  and  Secants. 


( 425 ) 


33  Degrees. 


S 


P 

r-r 

n 


30  9*741889  9.921 107  9*^2078 


39 

40 

4? 

42 

43 

44 


Sine 


Tangent 


9. 74 2080  9' 9 2 1°23  9-8 2 to  ; 7 

9*74227 ) 

*742463 
9,742652 


31 

32 

33 

34 

»]6  9  742842 

36  9.743033 

37  9-743223 
58  9.74-34:3 

9.743602 

9.743792 
9.743982 
9*74417  i 
9.744361 
9-7445^0 


9  9207729  821 88< 


9920352 


4$ 

46 

47 

48 

49 


50. 

51 

42 


9.745306 


9.9205  20;9‘°22. 
9.9204369582297,; 


9.82325; 


9*920268 
9.920184 
9*920099.  . 

9.920015  9*824345 


9*91993] 
9.7447399*919846 
9,744928  9*9!9762 
9.745 1 17  9*919677 


9.919593 


9.745494  9.919508 


9-74J683 
9.745871 
9.746059 

53  9*746248 

54  9746436 


55 

56 

57 


9,746624 
9.74681 1 
9.746999 


59 

60 


9.824619 


9.919424  9*826259 

9.919339 
9.919254 
9*919109 
9.919084 


9.91900 


589.747187  9-9i8744 

p. 747374  9*918659 

9.7475629.918574 


Sine 


9.9188309*828170 


9-82844. 


:  ‘ 

Secant 

10.1792*7 
IO.I78943 
IO.I78668 
10.1 78394 
10.178120 

10.078893 
10.078977 
10.0790  61 
10.079145 
10.079228 

10,177846 
10.177571 
10.177297 
10.177023 
10.  s  76750 

10.079312 
10.079396 
10.079480 
10.0795  6  A 
10.079648 

10.176476 
:  9.176202 
*0.175928 
10  175655 
10.175381 

10.07973  a 
10.079816 
10.079901 
10.079985 
10.080069 

10.175107 

10.174834 

10.174561 

10.174287 

10.174014 

IO.C'80154 

10.080238 

10.080323 

10.080407 

10.080492 

10.173747 

io.  173468 
10.173195 
ro.172922 

10.172649 

10.080576 

10.080661 
10.080746 
10.080831 
10.0809 16 

l-  10.172376 
ic.172103 
^  10.17183c 
10*171558 
10  171285 
10.171013 

10.08100c 

10.081085 

10.081170 

10.081256 

10.081341 

jio.o8i426 

Tangent 

10.257538 


30 

29 

28 

27 


iO.257348  26 


jo  256967 
IO.256777 
IO.256587 
IO.256398 


IO.256018 
IO.255829 
IO.25  5639 
IO.255450 


25 

24 

23 

22 

1 


20 

19 

l8 

I? 

t6 


10.255261  15 
10.255072  14 
so.254883  13 
ic. 254694  12 
10.254506 


10.254317 

10.254129 

10.253940 

10.253752 

10.253564 


10.253376 
10.253189 
10.25  3001 
10.252813 
10,252626 
10.252438 


11 

10 

9 

8 

7 

6 


Secant 


5 

4 

3 

2 

1 

o 


tp 

1“* 


05 

m 


56  Degrees. 


(  42&  ) 


A  Table  of  Artificial  Sines, 


34  Degrees 


K 

* 

Z3 

P 

rr 

jfD 

</& 


Sine 


Tangent 


o 

1 

2 


9* 7 47  5  ^|9*  9 1 8 57  49 . 3  2  8  9  8  7 
>•♦747  7 49  9-9 1 8489  9.8  29  260 
9-7  479369.918  404^9. 8  2953  2 
3  9.748*23  9-91 83 18^9.82980^ 

9.748?  5  Ojy.  918233L83OO77 


iio 

1 1 

12 
*3 
*4 


519*748497  9.9 18^47  9.830349 
9.748653  £. 9! 8062  9.830621 

..  ;y.74887o:rj.91797! 

8  9-7490569.^1789 
9.7492429.91780*; 


9.749429 

9.749615 

9.749801 

9.749987 

9*750172 


‘51^750358 

r  6  9*750543 

17  ^759729 

t8  9*750914 

19  9*75 *699 
9.75^284 


20 

21 

22 

23 

24 


9.916859 

9*75  *469  9.^16773 


9.75165 


9.752207 

26  9*75239‘2 


27j9-75257^  9  916254 

289*7527^0 

9]9-752944 


30  9*75  3 1 28 


9.91771c 

9.9x7634 

7.917548 

9.917462 

;.9i7376 


7.830893 

7.83 1 165 
>.831437 


9*917290 

9.917204 

4.91711b 

9.917032 

4.916945 


4.9 .6687 


( J.8  3 1709 
9.831981 
y. 832253 
9.832525 
9.832796 

.9.833068 

^-833339 

9.833611 

'9.833882 

9.834154 


40.1  7  10 1  3 
IO.  1 7074O 
IO.I7O468 

IO.I7O195 

10.169923 

IO.16965  1 
IO.169379 
10.169107 
IO.168835 
Lo.r68563 


9*75 *838  9.916600 
>752023  9.916514 


9.916427 

9.916341 


9*  . 

9  834696 

9.834967 
9.835238 
>835$6g 
9.835780 
9.83605 1 
9  836322 


9.916167  9,836593 


9.91608 

9.9fj994 

Sine 


9.836864 

9-837134 


Secant 


10.081426 
10.08 1511 

10.081 596 
10.081682 
10.081767 

10,081853 

10.081938 

10.082024 

10,082109 

10.082195 


10.168291 
XQ,i68pi9  10.082366 


10,252438 
*0.25225 1 
10.252064 
10.251877 
I  o.  2  5  l  690 


IO.25I5O3 
IO.25  I317 

*0.25  U3 

i  C.  25O944 
10.250758 


10.167747 

10.167475 

IO.1672O4 


CO.166932 

IO.166661 

IC.166389 

IO,l66u8 

IO.I65846 


10,08228*  10.2  50571 
250385 


IO.082452 

10,08253^ 

10.082624 


iO.' 


IO.165575  IO.083141 


10.082710 
*0.082796 
10,082.882 

10.082968  - ~T  7  — 

1 0.0  8  3  0  5  5 ! 


10.250199 
10.250015 
1 0.2498  2  8 

10.249642 

10.249457 

10.249271 

10.249086 


60 

59 

58 

57 

56 

55 

54 

53 

52 

5i 


10,165304 

10.165033' 


*0.083227 
10.08  3313 


ic,,  164762  10.083400 
10. 1 6449  ij  10.083486 

*  0,1.64220  10,083573 

*0.163949' 

IO.I63678 

10,1634.07 
IO.I63  l  36 
10.162866 


Tangent 


10.248716 

10.24853 1 
10.248346 

19.248 1 02 

10,247977’ 

*3*24779$ 

ic. 24760s 


10.0836591  ^ 

ic.083746  !0,247424  3 

_  o  n  In  ^ 


10.083833 

10.083920 

10.084006 


10.24724c  3 

10.24705^  3 

10.246872 


Secant 


50 

49 

+8 

47 

46 

*5 

44 

43 

4= 

41 

4C 


37 


3* 


3 

c 

rt 

fft 


55  Degrees 


Tangents  and  Secants. 


(  4*7  ) 


34  Degrees . 


£ 
M  • 

3 

£ 

ft 

a 

U2 

Sine 

3C 

9.7531289 

3 1 

9.7533129 

32 

9-753495  9 

33 

9-7536799 

34 

?-753§62  9 

3*5 

9.7540469 

36 

9.754229  9 

37 

9.754412  9 

38 

9-754595  9 

39 

9.7547789 

4C 

9. 7  5  49  6o’ 9 

41 

9-755 ‘43  9 

42 

9*755326  9 

43 

9-7555089 

44 

9.7556909 

45 

9.7558729 

46 

9.7560549 

47 

9.756236  9 

48 

9.756418  9 

49 

9.75660c  9 

P 

9.75678 1  9 

5 1 

9.75696'?  9 

52 

9.757144.; 

T3 

975732^  ? 

54 

9.757507  9 

55 

y. 747688, 

56 

9.757869  ; 

57 

9.758049  $ 

58 

9.758230  3 

59 

9.758411  S 

60 

9.758591  5 

Tangent 


;g5  9.839°27 


^3'9-839^38 


,8 


10,162866 

10,162595 

10.162325 

10.162054 

10.161784 

10.161513 

ic.161243 

10.16097  3 
10. 160703 
10.160432 


Secant 


10.084006^0-246872 

io.o84C93(lc.?46688 


10.084180 

10.084267 

10.084354 


10.08444. 


10,246505 
X  0.246321 
ic.246138 


IO.245954 


'9.841996 

9,842266 

9.842535 

9.842805 

9.843074 

9-84m3 

9.843612 

^843882 

9.844151 

9.844420 

9.844689 


io,i6oi6i 

10.15989^ 

10-159622 

10.159353 

10.159083 
(O.i  5  88 13 

10.158543 

10.158274 

10.158004 

io.i57734 

10.157465 

10,157195 

10.15 6926 
10.1 56657 
io.i  56388 


10.084128 10,245771 
10.08461 5|i°*245588 
10.084703- 10.245405 

1 0.0847901  ^45222 

10.245040 


10.084877' 
10.084965 
10.085052 
10.085  *40 
10.08*227 

10.085315 

10.085402 

10.085490 

10.085578 

10.085666 


10.244857 
10.244674. 
10.244492 
10.2443  JO 


10.^85754 

10,085842 

10.085930 

10.086018 

ic.086106 


Sine 


10.1561 18 

10.1  55849 

10.155580 
I0.1553U 
9. 844958’io.i55042 

9.845227:10.154773 


Tangent 


10.244128 

10.243946 

10.243764 

10.243582 

10.243400 


30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20] 

19 

18 

l7 

it 

H 

13 

12 

11 


10.086194 

10.086282 

10.086370 

10,086459 

10,086547 

10.086636 


10.243219 

10.243037 

10,242856 

10,242674 

10.2424,93 

10.2423 1 2 
10.242131 
10.24195 1 
10.24177c 
10.241 589 
10.241409 


Secant 


IC 

8 

7 

6 

5 

4 

3 

2 

1 

o 


& 

5 

£■ 

r. 

a 

•n 


55  Degrees. 


.(.  4*8  )  A  Table  of  Artificial  Sines, 


>* 

.  , 

& 

r-r 

ft) 

irt 


:l 


3$  Degrees 


Sine 


Tangent 


Secant 


10*l$4773 

10.154504 


9.758591  9.91 3  564  9-845227 
p.  758772  9-913276  9-845496! 

^■7589  S'2,9-91 3 187!9.845764 L.^^u 
9.7591 32  9.91 5399 '9.84603^110.1 5  3967 
593 12  9-9 1 3010  9-84630210. 153698 

9-9 12921  9-8465  7ofio.£  5  3430 
9-9 12^33  9-84^8 3 9- to.  153161 
9-9 I2744  9*847107:10. 152893 
9-912655  9-847376  10.152625 
^  *  9I2I66  9*  8  4  7  6  4  4 ' 1  o.  1 5  2  3  5  6 


iO. 241409  6o 

10.24122b 


9.759492 

7.759672 

7  9.7598*51 

8  5.76^03 1. 

9.760211 

9-7  6039c 
9.760565 


10.086636 

- ;«.j,  10.0867241.  — -4. 

10.154236  10.086813  10.241048 
10*086901  IO.240868 
10.086990  10.240688 


£2  9.76074^ 


9.912477  9.84791V10*1  5208  7 

9.9123889.^8181-10.151819 


IO.087O79 
10.08716? 
IO.08  7256 
IO.087345 
10.087434 


10  087523 

-  .  -s  IO.087612 

/  — /-»•  >9122999.848449  1O.15  15^  j  IO.0S7701 
1?  9.76092619.9122109.848717  16.151283  IO.087790 
M-  9.761 10619.932121  9.848985  16.15101-',  10.087879 

|fc6  9*76 *  28519.91203  j  9.849254  IC.I53746  10,087969 
^^9.76146419.9119429,849522  10.150478  10.088050 

■0.7.5i6/L.Jo.nT.i«tf'>L  o  — - - ---■Io.o88,i47 

10.088237 
10.088326 


[16 
ji? 
;l8  9 
49 


170  I  64  J9.9  I  l85  339.8497901  10.150210 
•761821I9.9I  I  76|  9.85OO57  20.14994^ 
.76  1  nnnfo  n  t  6*7/1  o  '  ^ r  ~  5 


I  y  '  s,y*°VJU:>7 

*76199919.91  i  6749.85032s 
209*76217719.911584^^7^3 


'21 

22 

23 

24 


9*76^356j9.pi  1495  9.85086, 

:9-76 253419.91 1405  9.85!  j 28 

9.7627 1 2S9.911 3 1 5  9.85 1 396 
9.76288919.911226  9.85 1664 

25  9.76306 jig. Ji  1 1 36,9.85 193 1 
26,9*76324519-91  X046|9.852i99 
27|9.763422|9.9I0956|9.B52466 
28  9? 7 6 3 6oe J 9 .9 1 0 8 6 6 19. 8 5  27 3 3 


29 

3P 


9.763777  _  _  yj„__ 

9.763954  9.910686  9.8.53268 


9.910770  9.853001 


Sine 


10.149675 

10.149407 

10.149139 

0.148872 

10,448604 

10,148336 


10.  ^48069 
10.147801 

10.147534 

so.147267 

10.146999 

10.126732 


0.088416 

10.088505 

10.088595 

10.088684 

10.088774 


Tangent 


10.24050S  55I 
10.240328  54 
10.240149  53 
10.239969  52! 
12^9789  5 if 
10.23961 

I0- 23943i  49 
10.239252 
10,239073 
10.238894 

30123871 5  45] 
.10.238536 
10.238358 
10.238179 
10.23800 1 

1  ^ .  2  3  7  b  z  * 

10.237644 
10.237466 : 
10.237288  3; 
_  to. 23 71  I  1 

1 0.0  8  b  8  64  [To.  236933 
10.088954  io.23675<; 
10.089044  10.236578  33I 
10.089134  10.236400  3X1 
10.089224  10.236223  ‘ 

10.089314  10.236046 

Secant 


54  Degrees 


/ 


Tangents  and  Secants. 


(  4*9  ) 


35  Degrees . 


& 

h  • 

3 

P 

«-* 

n> 

Ut 


3° 

31 

32 

?3 

34 

3*5 

36 

37 

38 

39 


Sine 


9-7<*3  954 
9.764  s  3  i 
9.764308 
9.76448-, 
9.764662 


40 

41 

42 

43’ 

44 

45 

46 

47 

48 

49 

50 

51 

52 

*3 

54 

55 

56 

57 

58 

59 

60 


9.764838 

9.765015 

9.765191 

9.765367 

9.765544 

9-765720 

.765896 

9-766071 

0-766247 

>♦766423 

9.766598 

9.766774 

9.766949 


9- 767475 

9.767649 


9.768173 


9.768348 

9.768522 

9.768697 

9.768871 

9.76^045 

9.769219 


Tangent 

9.910686 

9.910596 

9.910506 

9.910415 

9.9103.25 

9.853268 

9,853802 

9.854069 

9.854336 

9.8546O3 

9.85487O 

9-85SI37 

9.855404 

9.855671 

9.910235 

.9.910144 

9.910054 

9.909963 

9.909873 

9.909782 

9-909691 

9.909601 

9.9095  io 

9.909419 

9.855938 

9.856204 

9.85647I 

9.856737 

9.857OO4 

9.85727c 

9-857537 

9.857803 

9.858069 

9.858336 

9.909328 

9.909237 

9.909146 

9.909055 

9.908964 

9.908873 

9.908781 

9.908691 

9.908599 

9.908507 

9.858605 

9.858868 

9.859134 

9.8594OO 

9.859666 

9.908416  9.§59932 
9.9o8324l,9-86oi98 
9.9082339-860464 
9.908141  9.86073c 
9.9080499.860995 
9*907958  9.861261 

Sine 


10.146732 
10. 146465 
10.146198 
10.14593s 
10.145664 


10.145397 

10.145130 


Secant 


10.089314 

10.089404 

10.089494 

10.089585 

£0.089675 

10.089765 

10.089856 


10.144863^0.089946 
10.144596110.090037 
£0.144329*10.0901 27 


1  o.  1 440  6  2  x  0.090  2 1 8 
10.143796  10.090309 


io-i435a9 
10. 143163 
10.142996 


10.14273c 
10.142  463 
10.142197 
io.  1419 31 
10.141664 

10.144398 

10.141132 

10.140866 

10.14060' 

10.140334 


*0.140068 

iO.  139802 
.IO.I39536 
10.13927c 
IO.I39O05 
IO.I38739 


Tangent 


10.090399 

10.090490 

10.090581 


10.090672 

10.090763 

10.090854 

10.090945 

10,09-1036 

10.091127 
10.0912 19 

10,09.1  3  !*G 

IO.Q914GI 

10.091493 


£0.091584 

IO.O91676 
10.09  1  '767 
40.091859 
10.09  5*95  1 
[O.092042 


10.236046  gc 
IO.235869  29. 
iO.235692128: 


10.2355  I5 

27 

IO.235338 

26 

10.235162 

2  5 

£0.234985 

24 

IO.2348C9 

Q  '‘V 

-•5 

IO.234633 

22 

IC.234456 

21 

£0.25428o 

20 

10.234 l04 

£9 

ic.2339291 

1 8 

10.233753 

!7| 

10.233577 

1 6 

10.233402 

x5 

10.233226 

14 

10.233051 

13 

io.  2328,76 

£2 

10.2  3  270c 

1 1 

10.232525 

IQ 

£0.232351 

9 

10.232 176 

_  8 

10.232001 

7 

10.231827 

6 

10.231652 

5 

10.2  3 1 47  9 

4 

10.231303 

3- 

IC.231129 

2 

10.230955 

1; 

10.230781 

0 

Secant  I 

A 

-w  . 

3 

rt 

0> 

fTJ  1 

54  Degrees. 


(4?o  ) 


3 

3 

P 

rt 

n> 

i/i 


O 


3 


9.7695119 

9.769392 


5 

6 

7 

8 

_9' 

10 

11 

12 

^3 

*4 


*5 

16 

*7 

18 

19 

20 

21 

22 

n 

24 

2$ 

26 

27 

28 

29 

30 


A  Table  of  -Artificial  Sines, 

36  Degrees 


Sine 


Tangent 


9.769566  9.907774 
9.76974^9-907682 
9.769913  b.907 590 


9.907958:9.861261 

9-90786619.861527 


9*770087 

9.770260 

9.770433 

9‘7  70606 

9^770779 

9-770952 

•9.771125 

9-771298 

9-771470 

9.771643 

9-771815 

9-77I987 

9.772159 

9-772331 

9-772503 

9^772675 

0*772847 

9-773018 
9 -773,90 
9- 773361 


9.861792 

9.862058 

9-862323 


9.9074989-862589 
9.90740619.862154 
9.9073 1419.8631 19 
9.90722219.863385 
9-907*299.863650 
91907037:9.8639  15 
9.9069459.864180 
9.9068529.864445 
9.906760:9.86471c 
9.906667:9.864975 


9-773533 


9,906574:9.865240 

9.906482:9.865505 

9*9063899.865770 

9.9062969.866035' 

9.906204:9,855300 


10.138739 

10.138473 

10.138208 

10.137942 

10.137677 


10,092042  10.230781 


10.137411 
10.137146 
10.136881 
10.136615 
*  0.1 36350 


10.136085 
10. 13582c 
10.135555 
10.135289 
10.135025 


9.9061 1 1(9.866564 
9.906018:9,866829 
9-905925  9*867094 
9.9058329,867358 


10.134760 

10,134495 

10.134230 

10.131965 

10.133700 


IO*  1 3.3436 
10.133171 
10.132906 
10  132642 


9592573919.867623  10.132377 


9-7737049.905552 

9*773^75  9.905459 
9.774046  9.905366 
9.774217  9.905272 
9.774388  9.905179 


9,90564519*867887 

9*868152 


Sine 


10.094355 
10.094448 

„  .  Tlr-,-,  10*094541 

9.868680:10,13132010*094634 


10.13211? 
10.131848 
9.868416  10.131584 


Secant 


10.092134 
10.092226 
10.0923 18 
10,092410 


10*092502 

10*092594 

10.092686 

10.092778 

10.092871 


10.230608 

10.230434 

10,23026c 

10.230087 


o  092963 
10.093055 
£0.093 
10.09324c 
10.093333 

10.093426 
10*093518 
10*09361 1 
10.093704 
10.093796 


10*229913 
10.22974c 
ic. 229567 

10,229394 

10.22922  ! 


IO.O93889 

t0.0939<S2 

IO.C94O75 

IO.C94168 

IO.O94261 


9.868945110.131055 

9.86920910.130791 


Tangent 


10.094728 

10.094821 


10.229048 

10.228875 

10*228702 

10.22853c 

*0.228357 


0.228185 

10*228013 

10,227841 

10*227669 

0.22740,7 


60 

59 

SB 

S7i 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 


10.227325 

10.227153 

10.226982 

10*226810 

0.226639 


10.226467 

10.226296 

10.226125 

10.225954 

10.225783 

10.325612 


Secant 


45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34J 

33 

3* 

3i 

30 


53  Degrees 


Tangents  and  Secants, 


(  43 1  ) 


3  6  Decrees 


>-*• 

3 

P 

r* 

Kfi 


Sine 


309.774388 

3  fi9-774  $  5  S 

32^.774729 

^3'9.774899 

34:9.775070 


9.905179 
9.90508  7 
9.904992 
9.904898 
9.904804 


35  9.77524o 
369.7754*0 

379.775580 
3^9.77  5  7  $0 
399775920 
40  9.776090 
4Il9,77625  9 
429-776429 
43.^776598 


9.9047 1 1 
9*904617 

9-904523 

9.904429 

9904335 


449.776768  9.903864 

459.776937 

469.777106 


47 


9.7  77275 


4SS».777444 


9,904241 

9.904147 

9.904053 


Tangent 


9.869209 

9.86947? 

9.869737 

9.870001 

9.870265 


9.870529 

9,870793 

'.871057 

9.871321 

9.87158'; 


9.87184 
9.872112 
9.872376 


9.9039599.872640 


9.90377c 

9.903676 

9.903581 

9,903487 


49i9.7776i3 19  90339' 
5°i9.77778 i  9.903298 
5i|9‘777950i9*903203 

529.778  1  i99*9°3I08 
53:9-7782879.905014 
54*9, 778455  9-902919 
559.7786239.902824 
56!9.778792  9-9^2729 

57!9*77896o^-9°2634 

58^9.779128  9-9°2539 

59  9-779295  9-902444 

60  9.779463  9^902345 


9.872903 


9.87343c 

9.873694 

9-873957 

9.S74220 


9.874484 

9.874747 

9.875010 

?.87$i73 


Sine 


9.87580C 

9.876063 

9.876326 

9.876589 

9.876851 

9.877II4 


Secant  I 

1  "..13079 » 
1 0.130527 
i  0.1 30263! 
10.129999 
10.129735 

10.094821 
10.09491 5 
10.095008 
10.095102 
10,095 196 

10.12947  5 

10. 1 292  c  7 
10.128943 
10.128679 
10.12841 5 

10.095289 

10.09538.; 

[c.095477 

10.095571 

10.095665 

10.128151 

10.127S88 

10.127624 

10.12736c 

10.127097 

10.095  7  59s 
10.095853 
10.095947 
10.096041 
10,096136 

10.126833 
10.126570 
10.126306 
10. 126043 
10.125780 

10,096230 

10.096324 

1CO96419 

10.096513 

10.096608 

10.125516 

10.125253 

10.124990 

10.124727 

10.124464 

io.096702 

10.096797 

10.096892 

10.096986 

10.097081 

10.124200 
10.123937 
10*123674 
I  0.1  23411 
io.i  23149 
10.122886 

10.09717  6 
10.097271 
10.097366 
10.097461 
10.097556 
10.097651 

Tangent 

30 

.22544229 

28 

10.225  ioj  27 
IO.22493O26 


IO.224760 

10.22-4590 

10.224420 

10.224250 

I0.224o8o 

I0.22391C 

I C.  2  2^741 
10.22^571 
10.223402 
IO.223232 


10.222394 

10.222725 


IC*.2  2205G 

ro  2,21881 
10.2217 13 
10.221545 


25 

24 

23 

22; 

21 

2C 

*9 

18 

17 

it 

*5 

14 

13 
12 
1 1 

10 

9 

8 

7 

6 


10.221377 
I  >.2212,08. 
10.221040 
10,220872 
10,220705 
10.220537 


Secant 


4 

3 

2 

i 

o 


3 

c: 

r*. 

n> 


53  Degress. 


' 
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A  Table  of  Artificial  Sines, 

37  Degrees . 

Minutes 

Sine 

I 

rangent 

>.8771*4 

p.877377 

>.877640 

> 877903 

7.878165 

■—  - - 

).  878428 
>.878691 
,1.878953 
2.879216 
9.879478 

Secant 

o 

1 

2 

3 

4 

6 

7 

8 

9| 

9. 79463  9.902349 . 
9*779631 9.902253 , 

9-779798  9‘9r>2*5^ 
9*779965  9.902063 . 
,780133  9.901967 

E  0.12  28  8  6 
10.122623 
10.122360 
10.122097 
jo.1218.35 

10.09765 1 
0.097747 
10.09784 
L0.097937 
10.09803 3 

10.2205:37  6o 
[0.220369 

E 0.220202 
i 0.22003 5 
10.219867  ,.5 

9.750300  >' 
9.?8o4^7|( 
9,780634: 
9.780801] 
9,780968 

7.901&72  c 
?-90l776 
9.90168 1 
2.901585 

9-901483 

10.12 1572 
10.121309 
10. 1 2 1047 
10.120784 
10.120522 

1.0.098 123 
10.098224 
10.098310 
10.098415 
10.098511 

10.698606 

10.098762 

10.098798 

0.098894 

10.098990 

io.21 9700  ^ 

1 2‘2 1 9 5 3 3  54 
10.219360  ^  J 
10.21919/  52 
s 0.2 19032  5j| 

10.21886650 

10.21 8699  49] 
10.218533  4.8 
10.218366  47 
10.218200  461 

.10 

11 

12 

** 

14 

M 

17 

18 

12 

20 

21 

22 

2? 

n 

9,780:34 

9,78130^; 

9-781467 

.0780.634 

9.781800 

9.90  394 
9.901298 
9.901202 
9.901 106 
9.901010 

9.87974I 

9.880003' 

9.880265 

9.880528 

9.880790 

10.120259 

0.119997 

IO.U9735 

10.119472 

iO.1 19210 

9.78 1 966 

9.78213  ■ 

9.782298 

9.782464 

9.782630 

9.900914 

9.900818 
9.90072 1 
9.900626 
9'900«i  29 

9.881052 

9.881314 

9.881576 
9.88 i 839 
9.S82101 

IO.  1 18948 
50. 11 8686 
10.118424 
•0. 1 18161 
10.117899 

10.099086 

10.099182 

10099279 

10.099374 

10.099471 

i  0.099567 
10.099663 
10.0997  6 
10.099856 
10.099953 

IO.218034  45 
10.217868  44 
jio.217 702  43 
(io.n7536]42 
ip.217370  41 

ro.217204  40 
10:217039  39 
10. 216873  38 
t  o.216708  37I 
10.2,16543  76 

9.78279  6 
9.78296  1 

9*783127 

9.783292 
9>7^  34  s  7 

9.900433 

9.900337 

9.900240 

9.900144 

9.900047 

9.8999  <  1 
9.899854 
J.8997S7 
9.89966c 
9.899564 

9.899467 

9.882363 

9.882625 

9.882887 

9.883148 

9.88341c 

IO.S  17637 

i°. 1 1 7  37  5 
10.117113 
io.  116852 
LO.l  16590 

25 

26 

27 

128 

29 

3C 

9.?83623 
9.78^88 
9.783953 
9.7841  *8 
9.784282 
)9*784447 

9.8S3672 

9.883934 

9.884i9e 

9.884457 

9.884715 

9.88498c 

10.1 16328 
IO.  1 16066 
10*115804 
IO.I15543 
io.i  i$28i 
)  10. 1 1 502c 

1 0.100  45 
10.10014^ 
10.10024- 
10.10034c 
10. 1004 
>  10.10053: 

10.216377  35 

>  10.216212  34 

;  10.216047  33I 

>  40.215882  ?r\ 
\  -0.215718  3! 

>  10.215553  3o 

Sine 

Tangent 

■  - 

2 

Secant  1 

o> 

52  Degrees. 

Tangents  and  Secants. 


(  433  ) 


* 

Sine 

■»  —■  -■  — — ■  , . 

)  9*78444? 
9.78461 2 
>9784776 
9- 784941 
1-  9*785  '05 

• 

9*899467 

9.899:70 

9.899273 

9.899176 

9.899078 

9*785269 

59-78543^ 
r  9.7SJ597 
9.785761 
9-785925 

>9*786-89 

9.786252 

>9.786416 

I9.786579 

9.786742 

9.89898 1 
9.898884 
9^898787 
9.898689 
9.898592 

9.898494 
9*898397 
9.898299 
9.898201 
9*898104  3 

9.786906 

9.78/069 

9.787232 

■*•787395 

9-787557 

>9787720 

9*787883 

9.788045 

9.788208 

9.788370 

9.898006  $ 
9*897908  $ 
9.89781c  $ 

9.S977 125 

9.897614$ 

9*897516$ 
9*897418$ 
9*89732:  $ 
9.897222$ 
9*897123  $ 

9.788532 

9.788694 

9.788856 

9.789018 

9.789180 

9.78934a 

9/897015  j 
9.896926  C 
9.896828  $ 
9.896729$ 
9.896631  $ 
9.896532  $ 

Sine 

37  Degree n 


Tangent 


i  lO.  I  |  5020 
1*0.114758 
10.114497 
I0-1 14235 
10,1 1 3974 


9^87594 

9.887855 

9.8  88 1 1 6 
9.888377 


ica  1  3712 
10.11345  1 

*0.113190' 
10.1129  8 
10.112067 

10.112406 
louia  145 
10. 11 1884 
to.111623 
1 0.1 11361 

lo.iiiioc 

10.110840 

10.110579 

10.110318 

10.1 10057 

*0.109796 

10.109535 

10*109275 

10*109014 

10.108753 


10.108493 

10.10823? 

1-.107972 

10.107711 

10.107451 

10.107190 


Tangent 


Secant 


1 -M00533 
10*100630 
10*100727 

°‘l00824 

lo.lr.0922 

10.101019 

0*101  1  If. 

1  o.  1 0 1  2  I  3 
10.1013  i 
0.101408 

10*101  fo6 
10*101603 
10.10170, 
10.  x  01 79b 

10.10189c 

10.10  99^ 

I  O.IO209  2 
10.10239c 
10*102288 
10.10238c 

10*102484 
10.102582 
io.  102680 
10.102778 
*0.102877 


IQ.I02975 
10.103074 
10.103 172 
10.103271 
10.103*69 
10.103468 


52  Degrees . 

E  e 


10.215553 

*0 

10.21 5388 

29 

10.21 5224 

28 

10*215059 

27 

0.3  14895 

26 

IO.2I473  t 

25 

IO.214567 

24 

10.214403 

23 

I0.2142?9 

22 

IO.2I4O75 

21 

10*21391 1 

20 

l°^2 1 3748* 

19 

IC.213584 

18 

0.21  3421 

17 

1O.213258 

16 

10.213094 

IC.2I  2931 

14 

10.212768 

13 

10.112605 

12 

f  0.2 12443 

1 1 

10.21228c 

1C 

1 0. 2 1 2 1 1 7 

9 

10*211955 

8 

10.21  I792 

7 

10.211630 

6 

10*211468 

5 

10.211306 

4 

10*21 1 144 

3  “ 

10.210982 

2 

10.21082  0 

1 

IO.2IO658 

0 

Secant 

3’ 

rt 

& 

*■  ^  \  .  0 

(  434  )  A  Table  of  Artificial  Sines, 

38  Degrees . 

£ 

*>*» 

3 

c 

& 

m 

Sine 

Tangent 

Secant' 

0 

j 

2 

3 

7 

6 

7 

8 

J 

9*7^9342 

9*789504 

9.789665 

9.789827 

9.789988 

9.896532 

896433 

9.8963^5 

9^96236 

9.896137 

9.89281c 

9.89307c 

9-?>933?i 

9-^9559! 

9.893851 

10.10719c 
10. 106930 
10.106669 
10.106409 
10.106149 

10.103468 

1-0.103567 

10.103665 

10.103764 

10,103863 

10.210658 

10.210496 

10.210335 

10.210173 

VO.  2  I OO I  2 

6c 

59 

5^ 

57 

56 

55 

54 

5? 

52 

5* 

9.790149 

9.790310 

9.790471 

9.790632 

9.790793 

9.896038 

?.895939 

9.89584c 

9-89574* 

9.89564I 

9.894111 

9.894371 

9.894632 

9.894895 

9.895152 

10.105889 
10.105629 
10.105368 
10.105 108 
10.104848 

to.103962 
10.104061 
10.104160 
10.1042  59 

io.  1043  59 

IO.2O98JI 

IO.209690 

IO.2O9529 

IO.209368 

10.209207 

10 

11 

12 

13 
U 

9.790954 

9*79 111 5 
9.791275 

9.79*436 

9.791596 

9.895542 

9.895443 

9.895343 

9,895244 

9.895I441 

9.895412 

9.895672 

9.895932 

9.896192 

9.896452 

10.104588 

to.104.328 

10*104068 

10.103808 

10.103548 

10.10445S 

10,104557 

10.104657 

10.104756 

10.104856 

10,209046 
IO.208885 
io.  208725 
fO.208564 
*0*208404 

50 

49 

48 

47 

46 

45 

441 

43 

42 

41 

M 

16 

I17 

18 

19 

1. 

20 

21 

22 

23 

24 

9-791757 

9.791917 

9.792077 

9.792437 

?•  792397 

9.895045;9.8967I2 
9. 8  9  49  4  5  ‘9. 8  9  69  7 1 
9.894846  9.89723  J 
9.8947469-897491. 
9.8946469.89775* 

10.103288 

10.103029 

10.102769 

10.102509 

10.102249 

10.104955 
to.  105055 
10.105154 
10.105254 
10.105^54 

1O.208243 

IC.208083 

tO.207923 

IO.1O7763 

tO.207603 

9792557 

9.792716 

19.792876 

9-793=35 

9-793195 

9.894546i9-898oio 

9.8944469.89827c 

9.8943469-898530 

9.8942469.898789 

9.8941469.899049 

10.101990 
10.10173c 
10.10147c 
10.1 012 1 1 
10.  V  0095  i 

10.105454 

10.105554 

10.105654 

10.105754 

10.105854 

10.207443 

10.207284 

10.207124 

IO.206965 

IO.206805 

40 

39 

38 

37 

36 

2£»-793M4, 
,9' 7935 ‘3 

*Z  9-793673 

5  9.793832 

299.79g99i 

309.794150 

9.894046 

9-893946 

9.893846 

9.893745 

9-893645 

9.893544 

'9.899308 
9.899568 
9.899827 
9.900086 
9.90034  6 
'9.900605 

10.100692 

10.100432 

ic.100173 

10.099914 

ic.099654 

10.099395 

10.105954 

0.106054 

10.106154 

10.196255 

10.106355 

10.106456 

IO.2O6646 

10.206487 

IO.206327 

10.206i68 

jlC.206009 

40.205850 

35 

j34 

33 

32 

3* 

;3C 

-  -  *  1 

Sine 

Tangent 

Secant 

& 
j  S' 

IS 

0 

I  51  Degrees . 

Tangents  and  Secants* 

- - - - -IT 

(  435  ) 

38  Degrees . 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 


41 

42 

43 

44 

45 
4C 
47 


Sine 


9-794*  5° 

9-794303 

9-794467 

9.79462 

9.794784 


9.893544  9.900605 


9.794942 
9-79510’ 
9-795  2  59 
9-795417 
9-795575 


Tangent 


9.893444 

9.893343 

9-893243 

9.893*42 


40  9-795733 
9.795891 

9.796049 

9.796206 
9.796364 


9.893041 

9.89294c 

9.892839 

9.892738 

9  892637 
9.892536 
9.892435 
9.892334 

9.892233 

9.892132 


48 

49 


5 


5* 

52 

53 
5f 

55 

5^ 

57 


5S 

59 


6 


9.796521 

9.796679 

9.796836 

9.796993 

9-797*50 


9-892030 

9.891929 

9-891827 

9.891726 

9.891624 


9.797307 
9.797464 
9.7976  2! 

9.797777 

9-797934 


^.798091 

9.798247 

9.798403 

9.79856c 

9.7987  *6 
9-79887^ 


9.900864 
9.901 124 
9.901383 
9.901642 


10*099395 
1 0.09  9136 


Secant 


10.106456 

10.106556 


9.901901 

9.902160 

9.902419 

9.902679 

9.902938 


9.903197 

9.90345  s 
9.903714 
9.903973 

9.904232 


10.098876I10. 106657 


10.0986 1 7 
10.098358 


10.098099 

10.097840 

10.097581 

10.097321 

10.097062 


10.106757 

10.106858 

10.106959 

10.107060 

10.107161 


10.107262 


10.205850,30 

10.205692129 


0.2055331^8 


1 0.205  374.27 

10.2052l6i2^ 


10. 205058 
*0.204899 
10.204741 


10.096803 
10.096545 
IO.C  96286 
10*096027 
10.095768 


9.89*523 

9.891421 

9.891319 

9.891217 

9.891115 


9.904491 

9.90475° 

9.905008 

9.905267 

9.905526 


9.905784 
9  906043 

9.906302 

9.906560 

9.906819 


9.891013 

9.890911 

9.890809 

9.890707 

9.890605 

9.89050 


9.907077 

9.907336 

9  9°7594 
9.907852 
9.908 1 1 1 
9.908369 


10.107363 


10.107464 

10.107565 


to.  1 07666  <0  20395 1  18 


10.107767 

10.107868 


10.095509 

10.095150 

10.094992 

ic.094733 

10.094474 


10.107970 
10.108071 
10.108173 
10.108274 
to.  108 376 


0*204583 


10*204425 


i  0.20426  7 


25 

24 

23 

22 

51 


20 


10.204 109]!  9 


10*203794!  1; 
10*20363611^1 

5 

14 


10.094216  10,108477 

10.093957  *0-108579 

10.093698  10.108681 

io.c9344o;io.io8783 


10-203479 

10-203321 

10-2^3x64 

10.203007 

10.202850 


10.093 181 


10.092923 

10*092664 

10.092406 


10.108885 


10.202693 

ic.202536 

ic.202379 

10.102223 

10.202066 


Sine 


10.108987 
ic.  109089 
10.109191 

10*092148  icj09293|ip.20i440 
io.09i889'io.i09395  ic.20128 
ic.  *09497  10*201 128 


10. 201909 
10*201753 
10.201  97 


IO.09163I 


Tangent 


Secant 


8 


5 


0 


g 


3 

c 


5!  Degrees 


U 


e  2 


C  4j(5  ) 


A  Table  ot  Artificial  Sines, 


£ 

a 

c 

r* 

O 

!/> 

Sine 

0 

9.7^8872 

1 

9-79932* 

2 

9.799134 

3 

9*79933v 

4 

9*799495 

5 

9.799651 

6 

9*799806 

7 

y.79996  2 

8 

9-8ooj  17 

9 

9.8  0272 

10 

9.800427 

11 

9.800582 

12 

9.800737 

1 3 

9.800892 

If 

9.801047 

*5 

9.801201 

I*6 

9.801356 

n 

9.80*5* 1 

18 

9.801665 

1 9 

9.801819 

2C 

9.801973 

21 

9.802128 

22 

9.302282 

23 

9-805435 

24 

9.802589 

19  Degrees 


9.8905°^ 

9.89040c 

9.890298 

9.890195 

.89009  3 


2  s 
26 

27 

28 

29 

30 


Tangent 


9.802897 

9.803050 

9*803204 

9.803357 

9*805510 


9.889990 

9.889888 

9.889785 

9.889682 

9889579 

9.889476 

9.889874 

9.889271 

9.889167 

9.889064 

9.888961 
9.888858 
9.88875s 
9.88865  s 
9.888548 


9.908369 
9.9  8627 
9.908886 

9.909144 

9.909402 


9.909660 

9.909918 

9.910177 

9*910435 

9.910693 


9.911951 

9.91 1209 

9.911467 

9.911724 

9.91 1982 


0.888444 

9.888341 

9.888237 

9.888133 


9.91224 

9.912498 

9*912756 

9*9I3oi4 

9*9»3271 

9-913529 

9913787 

9.914044 

9.914302 

9.914560 


9.887926  9-914^17 
q.  887822  9*9I5P75 

0.8877189  915332 

9.887614^15590 
9,8875  io9*9I5^47 
9*8874069*916104 


Sine 


10*091631 
10.091373 
10.091 1 14 
10.090856 
10.090598 


Secant 


10.090340 

10.090082 

10.089823 

10.089565 

10.08930; 


10.089049 
10.088791 
10.088533 
10*088276 
io*o88oi8 


10.087760 

10.087500 

10.087244 

10.086986 

10.086729 

10.08647  x 
10.086213 
10.085956 
10.085698 
10.085440 


.  0.085183 

io<*o84925 

10-084668 

10*084410 

10.084153 

10.083896 


Tangent 


10.109497 

10.109600 

10.109702 

10*109805 

.'0.109907 

10*1  ICOI 
10.110112 
IO. 1 102  >  S 

10.1 10318 
IO.UO421 


io.  201 128 
10.200972 
10.200816 
f  0.200661 
10.20050 


0,1  XO524  1 0.199573 


10.110626 
10.110729 
10*110833 
10.1 10936 


! 0*1 1 IO39 
10.11 1142 
10.1 11245 
10.111349 
10.1  T  1452 

IO.HI556 
IO.IU659 
10*111763 
IO.IH867 
10.11 1970 


IQ.  1 12074 
10.112178 
10.112282 
ic.i  12386 
10*11249° 

10*112594 


10.200349 

:0.2CO»94 

IO.2OOO38 

IO.I99883 

10.19972b 


60 

59 

53 
57 
56 

55 

54 
53 
52 
5« 

5° 

49 

48 

47 

46 


10.199418 
io  1992 63 
10.199108 
10.198953 

10.198799  *5 

10.198644  44 
10.1 98489  43 
10.198335  42 
10.198181  41 

10.198027,40 


10.197872 

10.197718 

10.197565 

10.197411 


39 
38 

37 
36 

10.19725735 

10.197103  34 
10.19695033 

10.196796  32 
10*19664^3 

10.19649030 

2 

Secant  i 

s 


f  0  Degrees 


Tangents  and  Secants 


(  437  ) 


39  Degrees 


3 

e 


Sine 


30 

31 

32 

33 

3i 

35 

36 

37 

38 

39 

40' 

41 

4* 

43 

44 

45 

46 

47 

48 

49 

jo 

51 

52 

53 

54 

5«- 

56 

57 

58 

59 

60 


9.804123 


9.8035 109*887406 
9.803664  9.887302 
9.8038179.887198 
9.8039709.887093 


9.886989 


9.804276  9.88688^ 
9.804428  9.886780 
9.804581  9.886676 
9.8047349.886571 


9.804886 

9.805038 

9.805191 

9.805343 

9.8^5495 

9.805647 


9.886466 


9.886362 
9.886257 
9.886  J2 
9.886047 
9.885942 


9.8c)5799 
9  805951 
9.806103 
9.80c  25  4 
9.S0640C 

So  6  5  57 

9.806709 

9.80686c 

9.807011 

9.807163 


9.807314 

9.807465 

9.807615 

9.807766 

9.807917 

9.808067 


Tangent 


9.9j6io4'ic.q83896 

9.926362  10.083638 
9.9166  »9  10.083381 
9.916876x0.083124 
9.917  ^34!io.o82i66 


Secant 


10. 112594 
10.112698 
10.112802 
10.  SI  2907 
10.113011 


9.917391 10.082609 
9-91764810.082352 
9*9 1 79^5j  10.082095 

9.9^163110.081837 

9.9 18420!  10.08 1 5  80 


9.918677U0.081 323 

9.918934  10.081066 


9.885837 

9.885732 

9.885627 

9.885521 

9.885416 


9.919,9 1 

9.919448 
9.9  9705 
9.919962 
9-920219 
9.920476 
9.920733 
9.920990 


9.88531 1 
9-885205 
9.885100 

9.884994 

9.884889 


9-884783 

9.884677 

9.884372 

9*884466 

9.884^60 

9.884254 


Sine 


9.921347 

9.921503 

9,921760 

9,922017 

9.922274 


IO  080809 

IO.080552 

IO.C80295 


IO.O77983 
IO.O77726 

9.922530)10.077470 


9.922787 

9.923044 

9,923300 

9.923557 

9.923813 


10.113M5 
10.113220 
10.11 3324 
10.113429 
io.i  13534 


10.113638 

10,113743 

10.113848 

10.113953 

10.1  14058 

10.1  14163 
10.1 14268 

10.114373 

10.114479 

10,114584 


10.080038 
10.079781 
10.079524 
10,079267 
Ic.079010 

10.078753  10.114689 
10.078497  10,114795 
10.078240  10.114900 


10,19649c 

IC.196336 

10.196183 

X0.I96030 

IO.I95S77 


10.195724 

10.195572 

10.195419 

10.195266 

10.195114 

10.194962 

10.194809 

10.194657 

i°.i945o5 

10.194353 


10.194201 

10.194049 

10.193897 

10.193746 

10.193594 


10.115006 
10.1 1511 1 


10.193443 

10.193291 

10.193140 

10.192989 

10.192837 


30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17I 

H. 

14 

l3[ 

12 

n| 

id 


l0’°77$i3 

10.076956 

10,076700 

10.076443 

10.076187 

Tangent 


10,115217 
10.115323 
10.115428 
10.115534 
io'i  15640 
,0.115746 


10.192686 

10.192535 

10.192385 

10.192234 

10.19*083 

10,191933 


9 

8 

7 

6 

$ 

4 

3 

2 

1 


Sec^ns 


50  Degrees. 


|  sdsnu 


Minutes  1 


C  43s  ) 


A  Table  of  Artificial  Sines, 


40  Degrees 


Sine 


0:9.30*067 
1  9.808  •  18 
2^9.808368 

3 

4 


5 

t 

7 

8 

9 

10 

« i 

12 

•  3 

?  4 


9.808519 

9.808669 


9.8-8819 
9.80896, 
9.809119 
9.809269 
9.80941  , 

9.809569 

9.8097 

9.80986S 

9.8*0017 

9.810167 


‘5 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 
3? 


.8^.0316 
9  810465 
9.810614 
7.810763 


Tangent 

9.S84254 

9.884148 

9.884042 

9.883936 

9.883829 

9,92  38 3 

9.924070 

9,924327 

9.9245^3 

9.924840 

ic.076187  r 
10.07593c  1 
10.075673  1 
L  .075417  * 

IO.07516C  1 

9.883723 

9.883617 

9.883510 

9.883404 

9.883297 

9.883191 

9.883084 

9.882977 

7.882875 

9.882764 

9.925096 

9.925352 

9*925609 

9.925865 

^.926121 

9.926378 

9.926634 

9*926890 

9.927147 

9.927403 

10*074904  » 
10.07464^  l 
IC.07439  1 

IO.O74I35  I 

iO.073879  I 

IO.O73622 

10,073366 

IOO73UC 

IO.O72853 

10.07259 

9.882657 

9.882550 

9.882443 

9.882336 

9.882228 

9.927659 

9.927915 

9.92817! 

9.928427 

9.928683 

10,072341 

IO.O72085 

IO.O71829 

IO.O71573 

IC.O7131; 

9.88212! 
>  9.881014 
9*881907 
9.881799 
9.881692 

9.928940 

9.929196 

9.929452 

9.929708 

9.929964 

IO.O7IO6C 

10.070804 

IO.O7O548 

10.070292 

2O.O7OO36 

1  9.881584 
>9.88:477 
5  9.881369 
l  9.88l26l 
;  9.88H53 
}.  9.881045 

9.930219 

9.930475 

9.930731 

9.930987 

9,931243 

9.931495 

IO.O69781 

IO.O69525 

IO.069269 

,10.069013 

IO.068757 

UO.06850I 

Sing 

Tangen 

r 

Secant 


(O.i  i  6171 


o.ri6277 


10.118308 


io*h8§47 

10.118955 


4®  Decrees, 


10.191932  < 

5oj 

10.191782 

>9 

10.19 1632 

5 8 

10.191481 

<7 

10.191331 

56 

10.191181 

55 

10.19103c 

54 

10.190881 

5  3 

10.19073F 

52 

10.190581 

51 

10.190431 

50 

>  10.190282 

49 

10.190132 

+s 

,  10.189983 

*7 

3  10.189833 

46 

2 10.189684 

45 

D  10.189535 

441 

1  IO.I89386 

13 

4  IO.189237 

42 

2  IO.189088 

41 

0  IO.188939 

4°J 

10.188790 

39 

IO.188642 

38 

p 'IO.188493 

371 

g  IO.188345 

3 6j 

^  10.18819^ 

35 

«  I0.l8804^ 

34 

\  IO.1879OC 

W\ 

0 10.187755 

7  10,18760: 

3 1| 

£  IO.18745 d 

30I 

s| 

Secant 

si 
c  1 

n>  g 

^  1 

*1  . 


Tangents  and  Secants. 
40  Degrees . 


( 4  39 ) 


3 

c 

ct 

'/> 


Sine 


30  9.812544  9*8*5 1045  9*93  H99 
91  9.812692  9.880938  9*93  *7*5 
52  9.8;  2840  9.88^830  9.93201c 
339-8 12988:9.880721  9.93^266 
5 4j>'*8*  3195  9.88061 3  9.932522 

3f 
3  6 


9.813283 
9.81 343c 


9.8805059-932778 

.  - ,9-8803979933033 

379.8 13578  9.8802899-933289 
3  8j9*  8 1 3  7  2  5 1|9. 8  80 1 80  9. 9  3  354  5 
399.813872:9  8800729-933800 


4o|9#8i4oi9  9.879963  9.934056 


4^9,814166 


429-814313  9.8797469.934567 
9.8796379.934823 
9*879529  9.93^078 


43  9.81446c 

44  9.8  146^7 

45I9.814753 

469.814900 
9.815046 
9.8 1  $  1 93 
9.8i5339 


47 

48 

49 

5°l 

5i 

5* 

53 

54 


9.815485 

9.815631 


9.879855  9,93431 


Tangent 


.879420  9.935333 
9.87931!  9.935589 

9.879202  9.935844 
9.879093  9.936100 
9  878984  9.936355 


9*878875  9.936610 
9.878766  9.936866 


9-815778  9.8786569.937121 
9.8159239.8785479.937376 
9,816069  9.878438  9.937632 


569.816361 
579*816507 


589.8166529.877999 


59 

60 


55:9.816215  9.878328 9.957887 

vl  «  .  y  OO  O 


9.8l6797  9*87789G  9.938908 


9.8l6943 


9.87778C  9.939163 


Sine 


9.8782199.938142 

p.8781099.938397 


9.9986-5 


10.068501 
10.068^,45 
10.06  /99c 
10.067734 
10.06747  b 


10.067222 
10.0C6967 
10.06671 1 
10.06645  5 
10.066200 


10.065944 

10.06^689 

10.065433 

10.065177 

10.064922 


10.064667 
10.064411 
10.0641 56 
10.063900 
10.063645 

10.063390 

10.063134 

10.062879 

10.062624 

10.-62368 


10.062113 


Secant 

10.118955 
10.1 19062 
10.1 19170 
ic.  1 19279 
10. 1 19387 


10.  i  19495 

10.  i  19603 

IO.  I  I  97I  I 

10.  i  19820 
IO.I19928 


10.1874563c 
10.1  87308  2c. 
IO.18716028 
IO.187012  27 
IO.186865  26 

10.186717 
10.186570 
ro.  18642; 
10.186275 
1 0.1861 28  21 

IO.18598  1]2C 


10. 1 20c  37 

IO.  I  20 1 45J IO.  185834 
10. 120254  1C.  185687 
10.120363  10.18554 
10.120471(10.18539.3 


24 

23 

22 


10.12058 
10. 1  20.689 
10.120798 
10.120907 
10.121016 


10.185247 
10.1851 00 
IQ.184954 
10. 1 84807 
10.184661 


10.121125 

10.121234 

10.121344 

20.121453 

10.121562 


10.121672 


10.C61858 10.12*78 
10*061603  10.12189,1 
IQ.061347  10.12200  i 
10.061092  1 0*5  2.2 1  SO 
IC.060837  10.422220 


17 

>6 

14 
13 
12 
II 


IO. 

f0;i  84369  j 
10.1845*2 
1 0.1 84077 
16.183931 


*©•.1 ’83785 

io.  ,183639 

ip. i  8  3493 
10.183348 
10,183203 
10*183057 


Tangoat 


10 

"9 

b 

1 

6 


Secant 


4? 


4 


(  440  ) 


Sine 

1^943 

9.8 1 708  8 

9.817x33 

9.817378 

_4  9.817523 


8 

9 

10 

11 

12 


A  Table  of  Artificial  Sines* 

41  Degrees f 


9.817668 

9.817813 

9.817958 

9.818103 

9.818247 


Tangent 


9.877780  9-939i63 
9.87767o9-9394Ak 
,  c 9-939^73 
9*877450  9,9399  8 
9,877340  9-940183 


9.877230 ?’94  438 

9.877 120  9.94c094 


9., 87702o9»94°949 

9.8768999-941^04 
9.876789  9-94I458 

9.818392  9*87667^  9-94*7 13 
9^185369.8765689.941968 

9*818681  9.8764579*942223 
9.818825  9.8763479-942478 
149*818969  9*876236  9*942733 

9.819113  9,876125 
9,819257  9,876014 
179.819401  9.875904 
18.9.8195459.875793 

9.819689  9,875682 


19 

20 

21 

22 
2? 
24 

$5 

26 

27 

2$ 

29 

30 


IO.060837 

o.c6os8i 

0,060327 

10,060072 

10.059817 


9.942988 

9*943243 

9,943498 

9-9437/2 

9*944007 


9.81983;  9,875571 

9*8199769*875459 
9*820120  9*875348 
9*820263  9.875237 
9.820406  9,875126 

9.820550  9. §75014 
9,820693  9*874903 
9.8208369-87479. 
9*82097919.874679 
9*82:1229-874568 


9.825265 


9.874456 


Sine 


9.946045 

9,946299 


10.05956  * 
10.059306 
10.05905 
i.c.058796 

10.058542 

ro.058287 

10.058032 

10.057777 

10.057522 

10.057267 


Secant 


10.05  70 12 

>  0.056757 
10.056502 
10.056248 

1  ,055993 

10.05573  a 
10.055483 
10.055229 

10.054974 

10.05  47 1 9 

10.054465 


10.122220 
1  /  2  3  30 
10.122440 

IO.122550 

10.12266 

10.122770 
IO  12,2880 
10,122990 
IO.123IQI 
10.I232*! 

10.123322 

IO.I23432 

IO.123543 

IO.I23653 

10.123764 

IO.123875 
10.1239^6 
10,124096 
10.1242  >7 
IO.124318 


10,183057 

IO.18291  -x 

IO.I82767 
1 0,1 82022 
IO.182477 


I0.i8233 
10,182187 
I0*l82042 
IO.181897 
IO,l8l753 


9.944^62 

9*9445I7 
9*94477 
9*945026 
9*94528 

9 945535 

9*945790  10.054210 


10.053955 

10,053701 


9*946554  10.053446 
9.94680s  t0^j;*8 

Tangent 


1  o.  1 8 1 608 
10,181464 
10.181319 
10.181 175 
10.181031 


to.  124429 
10.124541 
10.124652 

10.124763 

ir,  1 24874 


IO.I24986 

IO.I25097 

10.129209 

IO0I25321 

IO.125432 

10ol25544 


IO.180887 
10,180743 
IO.180599 
10. 1 £04*  ^ 
IO.1803U 


6c 

59 
58 
57 
5J6 

5  55 
54 
53 
52 
5i 


50 

49 

48 

47 

46 


45 

44 

43 

42 

41 


5o*i  8qi68 
10. 1 80024' 
10.179880 
ffo.179739 
10.179594 

1 0.179450 

Ia,79307 

10.179164 
10.179021 
10.178878 
10,1 


Secant 


40 

39 

38 

37 

36. 

35 

34 

33 

32 

3i 

30 


sacg-a 


£ 


tees 9 


K> 


Tangents  and  Secants* 


(  44*  > 


4 1  Degrees . 


2 

3 

C 

rt 

to 


Sjne 


Tangent 


309,8212659.874456 

3 1  9.821407  9-874344 

32  9-8215509.874232 
339.823693:9,87412c 
34  9.^2 1 8359.87 1008 


8? 

36 

37 

38 


4 

41 

42 

43 


9.821977.9.873896  9'948o8i 

9.8737849948335 
9-873675  9*948590 
9*8735609-948844 
9^71448  9-949°99 

9.87333s  9.949353 
9.8732239,949607 
9.873110  9.949862 
9,872998  9.950116 
9.872885  9.950370 


9.822 120 
9.822262 
9.822404 
399.822546 

9.822688 


9,822830 
9-822972 
9*8231 14 
449.82325  5 1 


45 

46 

47 

48 

49 

5° 

5* 

5« 

53 


9.823397 

9.823539 

9.823683 

9.823821 

9-823963 


9.824104 
9.824245 
9-824386 

,.9,824557 

549*824668 


57 

5* 

59 

60 


559.824808 

56  ~ 


9*8.24949  ,  ■  ^4.^  y.y >54** 

9.825090  9.87I4I4  9.95  3675 

o.Ror  01^9.871301  9.9^3929 

9.8711879.9,4183 

9-871073  9-9544J7 


9.825230 

9.825370 

9.8255I1 


Sine 


9.946808 
9.947063 
9-9 47317 
9-947572 
9.947826 


10.053192 

10,052937 

10.052683 

10.052428 

10,052174' 


10.05 1919 

I0.051665 
10,05  *4*° 
10.05 1 1 56 
10.050901 


Secant 


10,125544 
10.125656 
10.125768 
*0,12587 
10.12599a 


9.8727729.950625 
9.8726599.950879 
9*872547  9.951133 
9.8724349,951388 
9*872321  9.951642 


9.872208  9.95 1896 
9.8720949.952150 
9.871981  9-95*404 
9.8718689.9526^9 
9^71755  9*9ya9i3 


9.871641  9.953167 
9.8715289.953421 


10.050647 
10.050393 
10.0501 38 
10.049884 
10,04963c 

10.049375 

^0.049121. 

10.048867 

10.048612 

*0.048358 


10.048104 

10.047850 

10.047596 

10.047341 

10.0470I7 


10.  *  26104 
10.126216 
10,126328 
10.12644 
40.126552 


10.126665 

*0.126777 

10.126890 

10.  T  27002 

10.127  H5 
IO.I272z8 
10.127341 

l0*  »a745 3 
10.127566 
10.127679 


10.1787,5 
10.17859; 
10.178450 
10.178307 
10.178165 

10.178023 

10.177880  24 

ro.177738 

,°.i77596 
10.177454 


28 

27 

26 

*5 


23 

22 


21 

2C 


10*,77l* 

10.17717 

IO.I77O28 

10.176886  J7 
*0.176745 

10.i766o3]i5 

10.17646.  14 
10.17632c  1 
10.176179 


10.046833 

10.046*79 

10*046325 

10.046071 

10,045817 

10.045563 


Tangent 


10,127792 

IO.127906 

IO.I28019 

2O.I28132 

IO.I28245 


10,418359 

IO.I28472 

IO.I28586 

10.128699 

10.128813 

10,148927 


10.176037 


IO.I75896 

r°U75755 

ro.175614 

10.175473 

*0-17533* 

10.175192 

10.175051 

10.174910 

10.174770 
*0.174630 
io»i  74489 


12 

11 

10 


Secant 


Degrees. 


*»■ 


3 

c 

15? 

1  in 


(  442  ) 


42  Degrees* 


=? 

s= 

*■* 


09.^2^119.871075 

1  ^82565  1I9.87O96O 

2  9.825791  9*870846 

3  9*82595iM7°732 

4  9.826071  £^70618 


Sine 


Tangent 


9*954437 
9-954691 
9*954945 
9*955 1 99 
9*95545? 


5  9.82621 1(9.870504 

6^82635,19*870390 


7j9^8i649i 
8  9.826651 
■  g  9*826770 


109*826910 
11  9^27049 
Ii9’8a7‘89 
159*827328 
149*827467 
159.82760  6 

169*827745 

179.827884 


9.87027  6 
9.870161 
9.870047 


9*955707 

9.955961 

,9.956215 

9.956469 

9.956723 


|8 

I? 

jao 

[21 

[22 

2? 

N 

I25 

!a6 

27 

2* 

29 

30 


9.828023 

9.828162 


9.869933  9*956977 
9.869818  9*95723i 
9.869704  9*9574*5 
9.869589  9*957739 
9.869474  9^? 5  7993 

9T869"36o  9*9  5  §246 

9.869245  9*958500 
9.8691309*958/54 


9.869015 

9.86890c 


;9**283ot 

9.828439 

9.828578 

9.828716 

9.828855 

9,8289^3 

9.82913’ 

9.829269 

9.829407 

9.829545 

9.829683 


9.868785 


9.868555 

9.868440 

9.868324 


9. $68209 
9.868093 
9.867978 
9.867862 
9.S67747 
9.867631 


Sine 


1 0.045  <563 
10.045309 
10.045055 
10,044801 
10.044547 


9*959008 

9.959262 


9*959515 


9.8686709*959769 


9.960023 

9.960277 

9.96053c 


9.960784 

9*964038 

9,961291 

9.961545 

9.961799 

9,962052 


10.044293 
10.044039 
10.043785 
*0.043531 
10,043 *77 
r  0.043023 
10.042769 
10.042515 
10.042261 
10.042007 


10.041246 

ic.040992 

10.040738 

10.040485 

10.040231 

10.039977 

10.039723 

10.03947C 

10.039216 

10.038962 

10.038709 

10.038455 

10.038201 

10,037948 


Tangent 


dficial  Sines, 

Secant 

10,128927 

10.174489 

60 

1C*1 ,9040 

10.174349 

59 

10.129154 

10.174209 

sS 

10.12926* 

10.174069 

57 

10.129382 

10.173929 

50 

10.129496 

‘0.173789 

55 

10.129610 

10,173649 

54 

10.129724 

10*173509 

^3 

10.129839 

10, 17 3369 

52 

10.129953 

10.173230 

5* 

10.130067 

10.173090 

5a 

10.130182 

10.172951 

49 

10.130296 

10.17281 1 

48 

10.13041 1 

10.172672 

47 

10.130526 

IO*I725i3 

46 

10.130640 

10.172394 

45 

10.130755 

10.172255 

44 

10.130870 

10.172116 

43 

10.130985 

10.171977 

42 

IO.J3F IOC 

10.171838 

41 

10.1  31215 

10.171699 

40 

10.13133c 

10.171561 

39 

10.131445 

10.171422 

3* 

10.13156c 

10.171284 

37 

10.131676 

*.0.171145 

56 

10.131791 

10,171007 

35 

IC.131907 

10.170869 

34 

10.132022 

10.170731 

33 

10.132138 

10.170593 

32 

10.132253 

10.170455 

31 

10.132369 

10.170317 

30 

2 

Secant 

3 

p 

O 

CA 

47  Degrees . 


Tangents  and  Secants 


<  44 12 


41  Deg 


rees 


3 

3 

c 


Sine 


n>  ' 

v»  ! 


^09.829683 

31  9.829821 

32  9*829959 
^3  9.830097i 
349.830234 

359.83037 

369.830509 
57I9.830646 
3819.830784 
^919.83092  > 


45 

46 

47 


40  9.831058 

41  9*83n95 

4*  9.831332 

9.83 1469 

44  9.831606 

9-831742 
9.831879 
9.832015 
9.832152 
9.83Z28S 

9.832425 
9.832561 

9.832697 

9.832833 
9-832969 

9.833*05 
9.833241 

9-833377 
9-8335 12 

9,833648 

9-833783 


\9 

►  o 


3 


Tangent 

i 


9.867631 

9.867515 

9.867399 

9.867283 

9.867167 


Secant 


9.86705  rp. 963320 

9-866935-9.963574 

9.8668199.963S27 

9,866703(9,96408. 

9.8665^6,9.964335 

9.8664709.96*4588 

9.86635  ^'9.964842 


9.962052  10.03794' 
9.962306  10.037694 
9.962560  10.037440 
9.96281 3[i  0.037187 
9.963067(10.036933 

10.036680 
10.03.5426 


9.866237 

9.866120 

9.866004 


9.96534910.03465  J 
9.965602(10.034398 


9.865887 


9.965855 


9.8657709.966109 


9.865653 

9.865536 

9.865419 


9-865302 

9.865185 

9.865068 

9.8649^0 

9.864853 


9.965095 


10.036-75 

10.035919 

10.035665 


10.035412 

10.035158 

10.034905 


9.864716 
9.864598 
9.864481 
9.864363  ^ 

9.864245  9.969403 
9.864127  9.969656 


9.966362 

9.966616 

9.966869 

9.967122 

9,96/376 

9.967630 

9.967883 

9-968136 

9.968389 

9,968643 

9.968896 

9-969150 


Sine 


ic.034145 

10.033891 

10.033638 

10.033384 

10.033131 

10.032878 
10.032624 
10  032370 
10.032117 
10.031864 


10.03161  * 

10.031357 

10,031 104 
10.03085,1 

10,030597 

10.030344 


Tangent 


r  0.13236,, 
10.1324S5 
10.132601 
10.132717 
10.132833 
10.132949 
10.133065 
10.133181 
10.133297 
10.13  34 1 4 
10133530 
10.133647 
40.133763 
10.13388c: 
10.133996 


10.133 113 
10.134230 
10.134347 
10.134464 
10.134581 


10.170317 
10.170179 
10. 170041 
10.169903 
10.169766 


10.169628 

10.169491 

10.169354 

10.169216 

10.169079 

10.168942 

10.168805 

10.168668 

10.168531 

10.168394 


10.168258 

10.16812* 

10.167985 

10.167848 

<0.167712 


-0.134698 

10.134815 

10.134932 

10.135050 

10.135167 


10.135284 

10.135402 

10.135519 

10.155637 

10,135755 

10.135873 


10.167575 

10.167439 

10.167303 

10.167167 

10.167031 


3o 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

l7 

16 


10.166895 

10.166759 

10.166623 

10.166488 

10.166352 

10.166217 


Secant 


*5 

*4 

13 

12 

u 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

o 


» 

a 

c 

n 

n> 

w 


47  Degrees 


(  444  ) 


A  Table  of  Artificial  Sines, 


.5 

p 

Sine 

1 

p1- 

0 

9.33378*  < 

!  i 

9-s339>9‘ 

2 

9.834O54  ( 

3 

9.834I89 

■  4 

9.834325 

\ - 

5 

9.834460 

9*^34595 

\  7 

9.834730  < 

8 

9.834^65 

*  9 

9.834999 

10 

9.835134 

1 1 

9.S35469 

12 

9.83*403 

9.835598* 

1*4 

9.8.5,72 

15 

9.835807  ■ 

16 

9*835941 

*7 

9.83607$ 

18 

9.836209 

19 

,.836343 

20 

9.8364771 

21 

9.83661 1| 

22 

9.836745 

23 

9^36878 

24 

9*837012 

2$ 

9.837146 

26 

9.837279 

27 

9.837413 

28 

9.837  46 

29 

9.837679 

30 

9.837811 

43  Degrees 


Tangent 

9.864127 

9,86401c 

9*863892 

9.863774 

9.863656 

9.969656 

9.909909 

9.970162 

9.970416 

‘9.970669 

9.863538 

9.863419 

9.863301 

9.863183 

9.863064 

9.970922 

9.971*75 

9.971429 

9*971682 

9-971935 

9.862946*9*972188 

9.8628279,972441 

9.862709I9.97269*; 

9.86259019.972948 

9.862471*9.973201 
— - — . — ( 

10,030344 
10.030091 
10.039838 
10.02  y  $84 
IO.029331 


IO.O278U 
IC.027559 

10.02730s 

IO.O27052 
IO.026799 

9. 8  6  2  3  5  3  9^73454!  ^26  5. 4  6 
9,8622349,973707;  10.026193 
9.8621  5  9*973960;  10.026040 
9.8619969.974213  10.025787 


10.029078 

10.02882$ 

10.028571 

10.028318 

10.02806$ 


9.861758  9.974719  10.025281 


9.861 


9.861 161*9.975985  10.024015 


Sine 


i 


Tangent 


Secant 

10435873 

IO.I35990 

IO.t'36108 

10436226 

10436344 

10466217  ( 
io.i66o8.> 
10.165946 
10.16581 1 
10465675 

IO436462 

IO436581 

IO436699 

IC436817 

IO436936 

10.16564c 

10.165405 

10.16527c 

10.165135 

10,165001 

*0  137054 
IO.I37173 
10.137291 
I04  374IO 

*0437529 

10.164866 

10464731 

10464597 

10.164462 

10.164328 

10437647 
10.137766 
ic.137885 
10.138004 
10438  123 

10.164193 

10.164059 

10.163925 

10.163791 

0.163657 

0.138242 
10.138362 
10.138481 
io.i|86co 
io.i  38720 

1  .103523 

10463389 
10463255 
10.163122 
v 462988 

10.162854 

10462721 

10462587 

10.162454 

10462321 

104^2188 

10.138S39 
1  10.138959 
10.139079 
10.139193 
10,139318 
3  10.139438 

Secant 

44 

43 

42 


39 

38 

37 

36 

3$ 

34 

33 

3* 

3» 

30 


45  Degrees 


43  Degrees 


30 

31 

32 

S3 

34 

35 

36 

37 

3s 


40 

41 

4i 

143 

44 

45 

46 

47 

48 

49 

5 
51 
$1 

53 

If 

55 

57 

58 

59 
6c 


Sine 


9.8378  i  2 
9.837945 
9*838078 
9*838211 
9*838344 


9.860562 
9.860442 
.860322 
9.860202 

9  860082 


9  838477 
9*83861 
9.83874, 
9.838875 
399.839007 


9.859962 
9.859842 
9.859721 
9.859601 
9  859480 


[409 


9.8391  . 
9.839272 

9.839404 

9.8395369 
9*839668 

9.839800 
9-8  9932 
9.840064 
9.840196 
9  840328 

9.840459 
9-840591 
9.840722 
9*840854 
9.840985 


9.841116 

9.841247 

9.841378 

$>841509 

9.841640 

9.841771 


859360 
9.859239 
9.859119 
85899b 
9.858877 

9.87875  c 

.858635 

9.858514 

9.858393 

9.858272 


9.85815c 


9.857908  9-982^i4 

9.8577869.98^067 
9.857665  9.983320 

9.8577499-983573 

9  857421 9  983826 

9,8573oo9-9s4°79 


9.857178 

9.857056 

9.856934 


Sine 


9.984331 

9.984584 

9.984837 


Tangent 

Secant 

9.97725-- 

9977503 

9->777V‘ 

9.978001, 

9.97826. 

10.02275c 
10.022497 
10.022244 
10.02199 
10.  2  738 

io.l  39438 

10.  39558 

10.13967  b 
10.139798 
10.1399  «  8 

9-97^5 15 
9  978768 
9.97902 
9i979274 
9»979S27 

10,021485 

10.021232 

10.020979 

10*020720 

IG. 020473 

jo  140038 
10.140158 
10.14027^ 
10.14C399 
10,140520 

9*979780 
9.980033 
9  980286 
9  980538 
9980791 

10.020220 
6.019967 
10.019714 
10  019462 

10.019209 

10.140640 
10.  .4076 1 
10.14088 1 
10.141002 
10.141 123 

9*981044 
9*981297 
9981550 
9  981803 
9*982056 

IO.OI8956 

IO.618703 

IO.O18450 

IO,Ol8l97 

1 0.0  7944 

10.14 5  244 

to.141365 

10,14148c 

10.141607 

10.141728 

9*982309 

10.01769! 

10.14185c 

IO.OI7438 
IO.OI7186 
rO.016933 
10  01668c 


IO.OI6427 

I0.0l6i74 
IO.OI592! 
io*oi  5669 
10-015410 
10.015163 


io.  14  1971 

10.  1 4209  2 

10.142  2  1 4 

IO.I42335 


Tangent 


IO.I42457 

10.142579 

IO.I427O"; 

10.142822 

10.142944 

10. ’43066 


I0.l62lb$  30 
IO.I62O55 
10  161922 
10.161789 
10.161656 

10.161523 
10.161390 
IQ.161258 
10.161125 
ic.160993 


2  9. 

28 

27 

26 

25 

24 

23 

22 

21 


1 0.1608  00 
10.160728 
tc.  160596 
10. 160464 
10.160332 


ro.i6o20o 
10.16036-8 
10.159936 
10.1598  4. 
10.159672 


10.159541 
10. 1 59409 
10.159278 
10.  i  5  9146 
10.159015 


10.158884 

10.158753 

10.158612 

10.158491 

10.158360 

10.1582*9 


Secant 


2C 

l9 

18 

l7 

16 

*5 

14 

13 

12 

11 

10 

9 

8 

7 

1 

4 

3 

2 

1 

o 


3 

s= 

n> 


“"nr  r  - 


46  Degrees. 


(  44^  )  A  Tabic  of  Artificial  Sines, 


44  Degrees 

2 

I-*  • 

3 

c 

PT 

ft 

(A 

Sine 

Tangent 

Secant 

6 

1 

2 

3 

4 

9*841771 

9.841902 
9.842033 
9.842163 
9  842294 

9.856934 

9.856812 

9.856690* 

9.8565681 

9  856445 

9.984837 

9.985090 

9-985343 

9.98^596 

9.985848 

10.01 5163 
19.014910 
10.0146  5  7 
10  014404 
10.014152 

IO.143066 
10.143 188 

I0.l433i0 

IO.I43432 

j  0.1435  5  5 

10.158229 
10.158098 
10  157967 
10.157837 
10.157706 

6q 

59 

58 

57 

56 

55 

54 

53 

5* 

5 1 

5 

6 

7 

8 

9 

9.842424 

9.842555 

9.842685 

9.842815 

9.842946 

9.856323 

9.856201 

9.856078 

9.855956 

9.855833 

9.986101 

9.986354 

9’9866o7 

9.986860 

9.987112 

10.013899 
10.013646 
10.013393 
10.013 140 
10.0*2888 

10.143677 

10.143799 

10.143922 

10.144044 

io.I441^7 

10.157576 
10  157445 

1-0.15  7  3*  5. 

10.1571 85 

10.157054 

10 

ii 

£2 

13 

if 

9*843076 

9-843206 

9.843336 

9.843465 

9.843595 

9-8557*1 

9.855588 

9.855465 

9.855342 

9.855219 

9.987365 

9.987618 

9.98787I 

9.988123 

9.988376 

10.012635 
10.012382 
10.012129 
10.011877 
10  01 1624 

10.144289 
10.144512 
j  0.144535 
10.144658 
ic.144781 

10.156924 

10.156794 

10.156664 

10.156535 

10.156405 

50 

49 

48 

47 

46 

M; 

16 

*7 

18 

If 

20 

21 

22 

23 

24 

9.843725 

9*843855 

9.843984 

9.84411. 

9.84424, 

9.855096 

9.854973 

9.854850 

9.854727 

9.854603 

9.988629 

9,988882 

9.989134 

9.989387 

9.98964O 

10.011371 
10.01  u  18 
10.010866 
10.010613 
10*010360 

10.144904 

T0.145027 

10.145150 

10.145273 

10.145397 

10.156275 

10.156145 

10.156016 

0.155886 

10.155757 

*5 

44 

43 

42 

41 

9,844372 

9.844502 

9.844631 

9.844760 

9.844889 

9.854480 
9.854356 
9.854233 
9.854109 
9.85398  6 

9.9*9893 

9.990i4S 

9.990398 
9*99C,65  1 
9.990903 
9991156 
[9.991409 

'9,99l652 
9.99  Ip  14 
9.992l67 
9.9924IC 

10.010107 

10.009855 

10.009602 

10.009349 

10.009097 

10.14552c 

10.145644 

10.145767 

10.145891 

10.146014 

10,155628 

10.155498 

10.155369 
10.155240 
10. 1551 11 

40 

39 

38 

',37 

,2* 

25 

26 
27 
*8 

19 

3° 

9.8450*8 

9.845147 

9.845276 

9.845404 

9.845733 

9.845661 

9.853861 

9.853738 

9.853614 

9.853490 

9.853366 

9.853245 

10.008844 

10,008591 

10.008338 

10.008086 

10.007833 

10.00758c 

10.146138 

10.146262 

10.146386 

10.14651c 

10.146634 

iO.14676^ 

10.1549823$ 
10,1 54853*34 
10,154724  33 
10.154596  32 
10.1  $4467,3 1 
10.154338  30 

Sine 

Tangent 

Secant 

1 

IS 

'  P-*  • 

‘  3 

P 

p-f 

1  ** 

!  «/» 

45  Degrees . 


Tangents  and  Secants. 


(  447  ) 


44  Degrees 


!° 

3V 

32 

H 

35 

36 

37 

38 

39 

40, 

41 

42 

43 

44 


45 

46 

47 

48 

49 


Sine 


9.84566*. 
9.845790 
9.845919 
9.84^047 
9.846  7  s 


9.846  3w4 
9.846432 
9.84656c 
9.846688 

9.8468  i  6 

9.846944 

9*847071 

9.847199 

9.847327 

9.847454 


Tangent 


9.853242  9.992420110.00758c 
9.8 5 ^  1 18  9.992672!! -  .007328 
9.852994  9.992925|Io.oo7o75 


9.852869 

9.852745 


847582 

9.8477-9 
9.847836 
9.847964 
9.84809 1 

9.8  482 18 
9.848345 
9.348472 
9.848599 
9.8487^6 


51 

$2 

53 

54 


55 

56 

57 

58 

59 

60 


9.848852 

9.848979 

9.84910c 

9.849232 

9.849359 

9.849485 


9.8  ,2620 
9.852496 
9.852371 

9.852247 

9.852122 

9.851997 

9.851872 

9-V747 

9.851622 

5*497 

9.851372 

9.851246 

9851121 

y.85099^ 

9.85087c 


9.993 1 781 10.0068  2  2 
9-9934*0 10.006570 


9.850745 

9.850619 

9.850493 

9.850367 

9.850242 

9.850116 


Sine 


9.993683110.006317 
9.99  3  936;  10.006064 
9.994 1 8910.005  81 1 
9.99444110.005559 

9.994694 10.00$  306 

9.994947|lG*G0505  3 
9.995 199 10.0^480 » 

^•9P5452.l0*0°4548 
9.995705 10.004295 

>•995957  10*004043. 

9.996210  fo.003790 
9.996463  10..003537 
9.996715  10.003285 
9.996968  10.003032 

9-997  2  2 1  1Q.Q  O2779' 

9*997473  l0'002')2~/ 
9-99772  6  10.002274 
9*097979  10.00202 1 
9.998231  10.001769 
9*998484 10.001 5  ic 


9.998737 
9.849990  9.998989 
9.8498649.9919242 
9.849737 
9.849611 
9.849485 


9*99949  S' 
9*999747 

lOkOOOOCO 


Secant 


10.146758 
10. 146882 
10.14700^ 
ic.147131 
io.H7255 
10.14738c 
ic.147504 
10.147629 

10.147753 

10.147878 

10.148003 

10.148128 

10.X48253 

10.14S378 

10.148503 


10.00 1263 

10.00101 1 

10.000758 
10.0G0  50  5 
lc.000253 
1 0.00000c 


Tangent 


10.148628 
10.148754 
<0.148879 
10. 1 49004 1 
10.149 1 3( 


0.1 5433^0 

2p 
28 
2? 
26 


10.154210 

10.154081 

10.153953 

iO.I5382j 

IO.I53696 

IO.I53568 

io.  1 53440 

*0.153312 

IO.I53184 


2$ 

24 

23 

22 

21 


10.1  53056120 
ic.  15  2929  19 
IO.15280I  l8 

10.5  $2673  17 

10.1  $2546  16 


10.149255 

10.149381 

10.149507 

10.149633 

10.149758 


10.1 
10.15001c 
10.15013^ 
10.150263 

10.15038^, 

10*1505 1 5 


io.;  52418 15 
10.1^2291  ii 
10.152163  i: 
1 0.1 52036 

IO.I5 1909 


IO.151782 

IO.I51655 

IO.151528 

10.151401 

10.151274 

10.15  1148 
IO.I51021 
10.150894 
10.1  50768 
10.1  50641 
10.15051 5 


12 

1% 

kQ 

9 

8 

7 

6 


Secant 


o 

rs 


45  Degrees . 


A  Table  of  dlnglet,  which  every  Rumb  (or  of 

the  Compajs)  maketh  with  the  Meridian ; 

North . 

(Point. 

D.  M 
02  49 

°5  37 
08  2<S 
ii  i5 

North 

South . 

NbyE. 

.•?  .  _ 

S  by  E 

i 

1 

2 

JL 

4 

I 

N  by  W 

S  by  W 

NNE. 

SSE 

I  i 

1  I 

1  4 

2 

14  04 

16  52 
1 9  4i 

22  30 

NNW 

ssw 

NEbyN 

SEbyS 

2  i 

2  i 

2  t 

3 

i?  19 
28  07 

’30  56 

33  45 

NWbyN 

S  W  by  S, 

No.  Eaft 

Sou.  Eaft 

3  7 
3  I 

3  * 

4 

36  34 
39 

42;  ii 
45  00 

No.  Weft 

- 

i  "  • 

Sou.  Weft 

NE,byE 

SEbyE 

4  4-i 

4  ■  ^ 

4.  JL 

4  4 

5 

47  49 
50  38 

53  26 

5<5  15 

NWbyW 

SWbyW 

ENE 

ESE 

5  i 

5-  1 

5  4 

6 

59  04 

6»  53 
64  41 

67.30 

WNW 

WSW 

\ 

EbyN 

EbyS 

<5  i 

6  i 

b  4 

7 

70  19 
73  08 
75  56 
7*  45 

/ 

WbyN 

WbyS 

Eaft 

7  I 
7  i 

7  i 

8 

* 

bi  34 
84  13 

87  ii 

9  0  .  OO 

Weft 

Weft 

F  1  N  I  & 


\ 


I 


' 


4 


✓ 


/ 


I 


I 


•f 


